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PREFACE 



Hitachi Dot Matrix Liquid Crystal Display Module (LCM) uses bright 
and high-contrast twist-nematic liquid crystal and is available for dis- 
play of numerals, alphabets, Chinese & Japanese characters, symbols 
and graphics. 

Due to its small size, light weight, low voltage, low power consump- 
tion, easy handling, etc., the Hitachi Dot Matrix LCD Module has been 
used widely as display component for portable data terminal equip- 
ment, word processors and high class electronic tabletop calculators 
in Japan and abroad. 

This catalog describes the electrical and optical characteristics, ex- 
ternal dimensions and precautions in handling the standard type of 
the product which should be helpful when selecting and designing 
equipment. 



• Notes 

When using this catalog, the reader should keep the following in mind: 

1 . This catalog may, wholly or partially, be subject to change without notice. 

2. This catalog neither ensures the enforcement of any industrial properties on other rights, nor sanctions the enforcement 
right thereof. 

Examples of circuit given in this catalog are only for better understanding of the products. Therefore, Hitachi will 
not be responsible for any accidents or problems caused during operation of his unit according to this catalog. 

3. All rights reserved: No one is permitted to reproduce or duplicate, in any form, the whole or a part of this manual 
without Hitachi's permission. 
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TABULATED DATA FOR HITACHI DOT MATRIX LIQUID CRYSTAL 



Type 


Type No. 


No. of display 
W x H 


External dimensions 
W x H x T 
(mm) 


Effective viewing area 
W x H 
(mm) 


Character dimensions 
W x H 
(mm) 


Driving 
method 
(Duty) 




Graphic display module 


H2525 


239 x 20 (dot) 


220 x 53 x 15 max. 


163 x17 


0.55 x 0.55* 


1/20 




LM021 


479 x 24 (dot) 


290 x 60 x 13 max. 


245 x 19 


0.43 x 0.55* 


1/24 




LM212 


640 x 48 (dot) 


270 x 63 x 13.8 max. 


241 x 25 


0.32 x 0.38* 


1/48 




LM200 


240 x 64 (dot) 


180 x 75 x 13.8 max. 


132 x39 


0.48 x 0.48* 


1/32 




LM213B 


256 x 64 (dot) 


184 x 75 x 12 max. 


149.6 x 43 


0.51 x 0.51* 


1/64 




LM211B 


480x64 (dot) 


270 x 82 x 13 max. 


240 x 38 


0.44 x 0.44* 


1/64 




LM221B 


240 x 128 (dot) 


180 x 120 x 13.8 max. 


148 x 75 


0.50x0.50* 


1/64 




LM238B 


240 x 128 (dot) 


180 x 120 x 13.8 max. 


148 x 75 


0.50 x 0.50* 


1/64 




LM215B 


480 x 128 (dot) 


270 x 110 x 11.5 max. 


242 x 69 


0.43 x 0.43* 


1/64 




LM215SB 


480 x 128 (dot) 


270 x 110 x 11.5 max. 


242 x 69 


0.43 x 0.43* 


1/64 




LM224B 


480 x 128 (dot) 


Same as LM215B, only the display is divided into 2 blocks. 


0.43 x 0.43* 


1/64 




LM225S 


640 x 200 (dot) 


270 x 1 50 x 13 max. 


239 x 1 04 


0.32 x 0.46* 


1/100 




LM240S 


480 x 128 (dot) 


270 x 110 x 11.5 max. 


242 x 69 


43 x 43* 


1 1\ 28 




LM236SB 


640 x 200 (dot) 


270 x 149 x 13 max. 


239 x 104 


0.32 x 0.46* 


1/100 








LM585S 


640 x 200 (dot) 


260 x 195 x 12.5 max. 


220 x 166 


0.29 x 0.74* 


1/100 






Under- 
devel opment 


LM225X 


640 x 200 (dot) 


270 x 150 x 13 max. 


239 x 1 04 


0.32 x 0.46* 


1/100 




LM236XB 


640 x 200 (dot) 


270 x 149 x 13 max. 


239 x 104 


0.32 x 0.46* 


1/100 




LM585X 


640 x 200 (dot) 


260 x 195 x 12 max. 


220 x 166 


0.29 x 0.74* 


1/100 





LM250X 


640 x 200 (dot) 


270 x 150 x 15 max. 


239 x 104 


0.32 x 0.46* 


1/200 




LM252X 


640 x 400 (dot) 


270 x 198 x 13.5 max. 


236 x 153.6 


0.33 x 0.33* 


1/200 




Character display module 


With built-in controller LSI 


1 line series 


LM054 


8 ch. x 1 line 


84 x 44 x 12 max. 


61 x 15.8 


6.45 x 9.4 


1/8 




H2570 


16 ch. x 1 line 


80 x 36 x 12 max. 


64.5 x 13.8 


3.15 x 7.9 


1/11 




LM015 


16 ch. x 1 line 


80 x 36 x 12 max. 


64.5 x 13.8 


3.15 x 5.5 


1/8 




LM568AF 


16 ch. x 1 line 


122 x 33 x 12 max. 


99.0 x 13.0 


4.84 x 8.06 


1/8 




LM020L 


16 ch. x 1 line 


80 x 36 x 12 max. 


64.5 x 13.8 


3.07 x 5.73 


1/16 




LM070L 


20 ch. x 1 line 


105 x 39.0 x 1 1 max. 


84.0 x 13.0 


3.2 x5.2 


1/8 




LM038 


20 ch. x 1 line 


182 x 35.5 x 13 max. 


154.0 x 15.3 


6.7 x 9.4 


1/8 




LM027 


24 ch. x 1 line 


126 x 36 x 12 max. 


100 x13.8 


3.15 x 7.9 


1/11 




H2571 


32 ch. x 1 line 


174.5x33 x 13.4 max. 


132.5 x 14 


3.15 x 7.9 


1/11 




H2572 


40 ch. x 1 line 


182 x 35.5 x 13 max. 


154.0 x 15.3 


3.15 x 7.9 


1/11 




LM058 


40 ch. x 1 line 


290 x 60 x 13 max. 


245.0 x 19.0 


4.82 x 8.18 


1/8 




2 lines series 


LM052L 


16 ch. x 2 lines 


80 x 36 x 1 1 max. 


64.5 x 13.8 


2.95 x 3.8 


1/16 




LM016L 


16 ch. x 2 lines 


84 x 44 x 12 max. 


61 x 15.8 


2.96 x 4.86 


1/16 




LM032L 


20 ch. x 2 lines 


116 x 39 x 13 max. 


83 x 18.6 


3.2 X4.85 


1/16 




LM060L 


24 ch. x 2 lines 


116 x 39 x 13 max. 


83 x 18.6 


2.7 x 4.85 


1/16 




LM017L 


32 ch. x 2 lines 


174.5 x33 x 13.4 max. 


141 .2 x 16.75 


3.45 x 4.85 


1/16 




LM018L 


40 ch. x 2 lines 


182 x 35.5 x 13 max. 


154.0 x 15.3 


3.2 X4.85 


1/16 




4 line 
series 


LM041L 


16 ch. x 4 lines 


87 x 60 x 12 max. 


61.8 x 25.2 


2.95x4.15 


1/16 




LM044L 


20 ch. x 4 lines 


98 x 60 x 12 max. 


76 x 25.2 


2.95 x 4.15 


1/16 




Controller 
LSI 

attachable 


H 253 2 A 


16 ch. x 1 line 


84 x 44 x 1 5 max. 


61 X15.8 


2.9 x 5.5 


1/8 




H2535 


16 ch. x 2 lines 


84 x 44 x 15 max. 


61 x 15.8 


2.9 x4.1 


1/16 




H2538A 


40 ch. x 1 line 


220 x 50 x 15 max. 


163 x17 


3.15 x 5.5 


1/8 




H2539 


40 ch. x 2 lines 


220 x 50 x 15 max. 


163 x 17 


3.15 x 4.45 


1/16 




Segment type 


LM039 


16 ch. x 1 line 


87 x 27.5 x 11 max. 


64.7 x 13.3 


2.2 x6.4 


1/4 




Option 


Transflective type (T type) and character display type LCM with an extended temperature range (operation: -10°C ~ 70°C; 
storage: -40°C ~ 80°C) (H type) are also available on request. (LM016LT, H2570H etc.) See page 12 for details. 



* : Dot size ■ Underdevelopment 
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DISPLAY MODULE 





1 

Recommended power supply 


Power 
consumption 

T. (n /mlAM 

I yp. (mw j 


Operating 
temperature 
\ 


Storage 
temperature 


Weight 
(9) 


Power supply 


Built-in LSI 


Recommended 
controller 

l_o I 


Vnn-Vss (V) 


V EE -V SS (V) 




i~J 


—5 


20 


~ +50 


—20 ~ +60 


1 00 


Double 


n U44 1 


n Uo I ooU 




+R 


_5 


30 


~ +50 


-20 ~ +60 


150 


HD44100 


(CB1020R) 




+o 




50 


- +40 


-20 - +60 


170 


Single 


MSM5839 


HD61830 
ICB1030R) 




+5 


_5 


25 


~ +50 


-20 - +60 


150 


Double 


HD44104 


HD61830 
(CB1020R) 






_g 


250 


~ +40 


-20 ~ +60 


180 


u n p. i m n - 
HD44104 


Built-in 






_Q 


130 


~ +40 


-20 ~ +60 


180 


MSM5839/5238 


HD61830 
(CB1026R) 




+5 


—13.5 


130 


~ +50 


-20 ~ +60 


210 


HD61 100/03 






1 R 
— I J. 3 


250 


~ +50 


-20 ~ +60 


220 


HD61 100/03 


Built-in 




+b 


— 10 


100 


~ +50 


-20 ~ +60 


320 


HD61 100/03 


HD61830 
(CB1030R) 




+5 


—10 


100 


~ +50 


-20 ~ +60 


320 




+5 


1 1 


100 


~ +50 


-20 ~ +60 


320 


HD6 11 00/03 


HD61830B 




+5 


-13.5 


400 


~ +50 


-20 ~ +60 


450 


HD6 11 00/03 


HD61830B 
(CB1040R) 




+5 


—14.5 


120 


~ +50 


-20 ~ +60 


320 


MSM5279/78 


MSM6255 




+5 


—14.5 


170 


~ +50 


-20 ~ +60 


450 




+5 


—14.5 


170 


~ +50 


-20 ~ +60 


540 




+b 


—1 3.5 


70 


~+40 


-20 ^ +60 


450 


Double 


HD6 11 00/03 


HD61830B 






1 c 

— I o 


105 


~ +40 


-20 ~ +60 


450 


MSM5279/78 


MSM6255G 




to 




105 


~ +40 -20 - +60 540 




' o 


on 
— zu 


190 


~ +40 


-20 ~ +60 


450 


HD6 1104/05 


HD63645F" 




■ c 

+o 


on 


190 


~ +40 


-20 ~ +60 


580 




+o 




10 


~ +50 


-20 ~ +70 


25 


Single 


HD44780 


Built-in 




+5 




10 


~ +50 


-20 ~ +70 


25 


HD44780 + 
HD44100 or 
MSM5259 




+5 




10 


~ +50 


-20 ~ +70 


25 








10 


- +50 


-20 ~ +70 


25 




to 




10 


~ +50 


-20 ~ +70 


25 


HD44780 




+5 




10 


~ +50 


-20 ~ +70 


40 


HD44780 + 

HD44100 

or 

MSM5259 




i c 

+o 




10 


~ +50 


-20 ~ +70 


65 




+5 




10 


~ +50 


-20 - +70 


40 








10 


~ +50 


-20 ~ +70 


60 




+b 




10 


~ +50 


-20 - +70 


65 








10 


~ +50 


-20 ~ +70 


150 




+5 




15 


~ +50 


-20 ~ +70 


25 


Single 


HD44780 + 
HD44100 

or 

MSM5259 


Built-in 








15 


~ +50 


-20 ~ +70 


25 




i r- 

+o 




15 


~ +50 


-20 ~ +70 


50 




to 




15 


~ +50 


-20 ~ +70 


60 




+5 


— 


15 


~ +50 


-20 ~ +70 


60 




+5 




15 


~ +50 


-20 ~ +70 


65 




+5 




15 


~ +50 


-20 ~ +70 


60 


Single 


HD44780 + 
HD44104 


Built-in 




+5 




17.5 


~ +50 


-20 ~ +70 


65 




+5 


-5 


15 


~ +50 


-20 ~ +60 


25 


Double 


HD44100 


HD43160AH 




+5 


-5 


10 


~ +50 


-20 ~ +60 


25 




+5 


-5 


10 


~ +50 


-20 ~ +60 


100 




+5 


-5 


10 


~ +50 


-20 ~ +60 


100 




+5 




1.05 


~ +50 


-20 ~ +70 


20 


Single 


AiPD7225G 


Built-in 
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FEATURES 



1. Various types are available, from small-size module for 4. Due to its small size and light weight, compact display 
character display, to large-size module for graphic display. equipment can be constructed. 

2. An LSI is loaded exclusively for the LCD element drive. 5. Due to low driving voltage and low power consumption, 
Also, a type containing a controller LSI is available. it can be driven by battery. 

3. When using graphic liquid crystal display module, use our 
recommendable control circuit board that simplifies the 
display system. 



APPLICATIONS 



1. Portable data terminal equipment 

2. Word processors 

3. Telephone applications 

4. Facsimile machines 

5. Handy personal computers 



6. POS terminal equipment 

7. Electronic typewriters 

8. Measuring instruments 

9. Other display devices 



MAXIMUM RATINGS 



Electric maximum ratings 



Item 


Symbol 


Min. 


Max. 


Unit 


Remarks 


Power supply for logic 


v DD - v ss 


Refer to individual specification 


V 




Power supply for LCD drive 


V DD - Vo 


V 


Input voltage 


v. 


V 


Static electricity 






100 


V 


Note (1) 


Note (1) Test and conditions of resistance to static electricity. After the condenser with a capacity of 200 pF is charged with recommended volt- 
age, it is discharged by contact with interface connector pin. 

Environmental conditions 


Item 


Operating 


Non-operating 


Remarks 


Min. 


Max. 


Min. 


Max. 


Ambient temperature 


Refer to individual specifications 


No dew 


Humidity 


Note (2) 


Vibration 




0.5G 




2G 


Shock 




3G 




50G 


XYZ 3 directions 


Corrosion gas 


No corrosion gas 


Note (2) Humidity conditions are as follows. 


— Number of dots 
Ambient temperature (Ta) — 


Below 128 x 240 


1 28 x 240 or over 


Ta £ 40° C 


95% RH max. 


85% RH max. 


Ta >40°C 

(Below maximum temperature) 


Below maximum absolute humidity of 
40°C95% RH 


Below maximum absolute humidity of 
40° C 85% RH 
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OPTICAL DATA 



Ta = 25° C 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


Note 


\/ioiA/inn annlo 

viewing angle 


0^—0 I 


K = 1.4 


on 

MM 






deg. 


1,2,8 


Contrast ratio 


K 


= 25° 
9=0° 




3 






3 






0=25° 
9=0° 




200 


400 






Response time (rise) 


«f 




250 


400 


ms 


4,6 








150 


250 




4,7 






= 25° 
9=0° 




200 


400 




4,5 


Response time (fall) 


tf 




250 


400 


ms 


4,6 








150 


250 




4,7 



Notel. Definition of 6 and Note 2. Definition of viewing angle 01 , and 02 




Viewing angle 



Note 3. Definition of contrast "K" 



_ Brightness of non-selected segment (B 2 ) 
Brightness of selected segment (B, ) 



Brightness curve for selected ssgment 




Brightness curve for 
non-selected segment 



Setpoint driving voltage 



Note 4. Definition of optical response 



Non-selected state 




Fall time 



Note 5. Applied types 

H2532A ■ H2535 H2538A H2568 
Note 6. Applied types 

LM054 ■ LM020L • LM038 ■ H2539 • H2570 • LM015 ■ LM027 ■ 
H2571 • H2572 • LM016L • LM032L • LM017L ■ LM018L • 
LM041 L • LM044L • LM052L ■ LM568AF ■ LM070L ■ LM060L 

Note 7. Applied types 

H2525 • LM200 • LM021 ■ LM213B ■ LM21 1 B • LM212 ■ LM215 
LM039 

Note 8. Typical viewing angle of following types is 20 deg. 
LM200 ■ LM213B ■ LM21 1 B ■ LM212 • LM215B • LM224B ■ 
LM225S • LM236SB 



@ HITACHI 
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SEMICUSTOM 



We provide liquid crystal module with optional specifications 
as follows. Table 1 shows LCD module already in production. 
(1 ) Types of optional specifications (A, T, H, L comes at the 
end of each type. Provided, when "H "option is required 
for types with *, "L" at the end comes off and "H" is 
added instead, for example, LM016L becomes LM016H). 
A: Black coated front panel (metal frame) 
Transflective type for installing the EL 
Available in extended temperature range 
(operating: -10°C ~ +70°C, storage: -40°C ~ 
+80°C), driven by double power supply. 
Duty = 1/16, available with single power circuit +5V. 



(2) How to read the table. 
O : Underproduction. 
X: Unable to produce technically. 
— : Able to develop on customer's request. 



T: 
H: 



L: 



Table 1 Semicustom list 



No. 


Tunp Nn 


No. of display 
Wx H 


Optional specifications 


Rpmarks 


A 


T 


H 


LT 


HT 


1 


LM039 


16x 1 


X 


X 


- 


X 


X 




2 


LM054 


8x 1 


- 


O 


o 


X 


- 




3 


H2570 


16x1 


- 


O 


o 


X 


o 




4 


LM020L 


16X1 


- 


- 


- 


- 


- 




5 


LM015 


16X1 


- 


o 


- 


X 


- 




6 


LM070L 


20x1 


- 


- 


- 


- 


- 




7 


LM038 


20xl 


- 


o 


o 


X 


o 




8 


LM027 


24x1 


- 


o 


- 


X 


- 




9 


H2571 


32X1 


- 


o 


o 


X 


o 




10 


LM033 


32X1 


- 


o 


- 


X 


- 


12 o'clock type of H2571 


11 


H2572 


40xl 


O 


o 


o 


X 


- 




12 


LM058 


40x 1 


- 


o 


- 


X 


- 




13 


LM016L* 


16x2 


o 


o 


o 


o 


o 




14 


LM507L 


16x2 


- 


- 


- 


- 


- 


12 o'clock type of LM016L 


15 


LM052L 


16X2 


- 


- 


- 


- 


- 




16 


LM032L* 


20X2 




o 


o 


o 




Note 


17 


LM060L 


24x2 














18 


LM017L* 


32x2 




o 


o 


o 


o 




19 


LM018L* 


40x2 




o 


o 


o 


o 




20 


LM035L 


40X2 








O 




12 o'clock type of LM018L 


21 


LM041L* 


16X4 






o 


O 


X 


Note 


22 


LM044L 


20X4 








O 


X 


Note 


23 


H2525 


239X20 








X 


X 




24 


LM021 


479X24 








X 


X 


! 


25 


LM200 


240X64 




o 


o 


X 


o 




26 


LM213B 


256x64 




X 


X 


X 


X 




27 


LM212 


640X48 






X 


X 


X 




28 


LM211B 


480 X 64 






X 


X 


X 




29 


LM221B 


240X128 






X 


X 


X 




30 


LM215B 


480X128 






X 


X 


X 




31 


LM225S 


640 -.200 






X 


X 


X 




32 


LM238B 


240X128 






X 


X 


X 




33 


LM224B 


480X128 






X 


X 


X 




34 


LM240S 


480 X 128 






X 


X 


X 




35 


LM236S 


640 x 200 






X 


X 


X 




36 


LM585S 


640 X 200 






X 


X 


X 





Note: As these LCD module 
our office for detail. 



do not have pad for soldering EL panel, it is necessary for the customer to solder on the mother board. Contact 
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LOT MARK 





(1) Lot mark 

Lot number of Hitachi LCD module is shown by four 
digit number as follows. 

(Note) 



1 



Week 



Month 



Year 



(Note) Some products have alphabet at the end. 



Year mark 



Month mark 



Year 


Figure 


Month 


Figure 


Month 


Figure 


1985 


5 




Jan. 


01 


Jul. 


07 


1986 


6 




Feb. 


02 


Aug. 


08 


1987 


7 




Mar. 


03 


Sept. 


09 


1988 


8 




Apr. 


04 


Oct. 


10 


1989 


9 




May 


05 


Nov. 


11 


1990 






Jun. 


06 


Dec. 


12 



Week mark 



Week (Day) 


Figure 


21-27 


1 


28- 3 


2 


4-10 


3 


11-17 


4 


18-20 


5 



(2) Location of lot mark 

Indicated on the printed circuit board as below. 



APPEARANCE STANDARD 



(1 ) Appearance inspection conditions 

Visual inspection under single 20W fluorescent lamp with 
eyes to LCD distance 25 cm and lamp to LCD distance 
25 to 30 cm. 

Viewing angle should be smaller than 45°. 
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(2) Appearance standard 



No. 


Items 


Criteria 


Applied area 


1 


Scratches 










2 


Dents 


Distinguished one is not acceptable. 
(To be judged by HITACHI limit sample) 




3 


Wrinkles in polarizer 














Average dia. D (mm) 


Max. number acceptable 








1.0 < D 







A 
H 


duddi es 


0.5 < D ^ 1.0 


1 








0.3 < D S 0.5 


5 








D5 


I 0.3 


Ignore 








Filamentous 


Display 






Length (mm) 


Thickness (mm) 


Max. number acceptable 






Ignore 


0.02 ^ 


Ignore 








2.0 ^ 


0.03^ 


6 








1.0 § 


0.06^ 


6 




5 


Stains fnrpinn matprial*; 

\j ia ilia, iui ciyi I II laici laia 


Round 








Average dia. D (mm) 


Max. number acceptable 








D < 0.25 


Ignore 








0.25 ^ 


D < 0.35 


4 








0.35 ^ D 


None 








Those can be wiped out easily are acceptable. 


All 


6 


Interference fringe 


Distinguished one is not acceptable. 
(To be judged by HITACHI limit sample) 


Display 


7 


Mrtn-Hicnilau 


There should be none 




o 
o 


unippea glass 


If it has nothing to do with function, ignore. 


rrinuju circuit uoaru 


9 


Dimensions 


Refer to individual acceptance specifications. 


All 






Average dia. D (mm) 


Max. number acceptable 




10 


Dark spots 


< 0.1 


Ignore 


Display 






0.1 ^ D < 0.3 


3 





Note: Definition of each area 

Printed circuit board 



Front panel 



Display 
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HOW TO USE LCD MODULE 



1 . Liquid crystal display 

LCD is composed of glass and polarizer. Pay attention to the 
following items when handling. 

(1) Please keep the temperature within the specified range 
for use and storage. Polarization degradation, bubble 
generation or polarizer peel-off may occur with high 
temperature and high humidity. 

(2) Do not touch, push or rub the exposed polarizers with 
anything harder than an HB pencil lead (glass, tweezers, 
etc.). 

(3) PETROLEUM BENZIN is recommended for cleaning the 
adhesives used to attach front/rear polarizers and reflec- 
tors made of organic substances which will be damaged 
by such chemicals as acetone, toluene, ethanol and 
isopropylalcohol. 

(4) When the display surface becomes dusty, wipe gently 
with absorbent cotton or other soft material like cha- 
mois soaked in petroleum benzin. Do not scrub hard to 
avoid damaging the display surface. 

(5) Wipe off saliva or water drops immediately. Contact 
with water over a long period of time may cause de- 
formation or color fading. 

(6) Avoid contacting oil and fats. 

(7) Condensation on the surface and contact terminals 
due to cold will damage, stain or dirty the polarizers. 
After products are tested at low temperatures they 
must be warmed up in a container before coming in con- 
tact with room temperature air. 

(8) Do not put or attach anything on the display area to 
avoid leaving marks on. 

(9) Do not touch the display area with bare hands. This will 
stain the display area and degradate insulation between 
terminals. (Some cosmetics are detrimental to the 
polarizers). 

(10) As glass is fragile, it tends to become cracked or chipped 
during handling especially on the edges. Please avoid 
dropping or jarring. 

2. Liquid crystal display module 
2.1 Installing LCD module 

The hole in the printed circuit board is used to fix LCM as 
shown in the picture below. Attend to the following items 
when installing the LCM. 

Protective plate 




Fitting plate 



(1) Cover the surface with a transparent protective plate to 
protect the polarizer and LC cell. 

(2) To prevent the module cover from being pressed, the 
spacers between the module and the fitting plates 
should be longer than 6.0 mm. (measurement tolerance: 
±0.1 mm). 

2.2 Precaution in handling LCD modules 

Since LCM has been assembled and adjusted with a high degree 
of precision, avoid applying excessive shocks to the module or 
making any alterations or modifications to it. 

(1) Do not alter, modify or change the shape of the clips on 
the metal frame. 

(2) Do not drill attachment holes in the printed circuit 
board, modify its shape or change the positions of com- 
ponents to be attached. 

(3) Do not damage or modify the pattern wiring on the 
printed circuit board. 

(4) Absolutely do not modify or change the internal connec- 
tor (conductive rubber) or touch it with another object. 

(5) Except for soldering the interface, do not make any 
alterations or modifications with a soldering iron. 

(6) Do not drop, bend or twist LCM. 

2.3 Static electricity 

Since this module uses a CMOS LSI, the same careful attention 
should be paid to static electricity as for an ordinary CMOS 
IC. 

(1) Make certain that you are grounded when handling LCM. 

(2) Before removing LCM from its packing case or incorpo- 
rating it into a set, be sure that the module and your 
body have the same electric potential. 

(3) When soldering the terminal of LCM, make certain that 
the AC power source for the soldering iron does not 
leak. 

(4) When using an electric screwdriver to attach LCM, the 
screwdriver should be of ground potentiality to minimize 
as much as possible any transmission of electromagnetic 
waves produced by sparks coming from the commutator 
of the motor. 

(5) As far as possible make the electric potential of your 
work clothes and that of the work bench the ground 
potential. 

(6) To reduce the generation of static electricity, be careful 
that the air in the work is not too dried. (A relative 
humidity of 50% ~ 60% is recommended.) 
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2.4 Precaution in soldering to the LCM 

(1 ) Observe the following when soldering lead wire, connec- 
tor cable, etc., to the LCM. 

• Soldering iron temperature: 280°C±10°C 

• Soldering time: 3 ~ 4 sec. 

• Solder: eutectic solder 

If soldering flux is used, be sure to remove any remaining 

flux after finishing the soldering operation. (This does 
not apply in the case of a non-halogen type of flux.) It 
is recommended that you protect the LCD surface with 
a cover during soldering to prevent any damage due to 
flux spatters. 

(2) When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached more 
than three times. This maximum number is determined 
by the temperature and time conditions mentioned 
above, though there may be some variance depending 
on the temperature of the soldering iron. 

(3) When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before 
the solder is completely melted, the soldered pad on the 
PC board could be damaged. 



3. Precautions for operation 

(1) Viewing angle varies with the change of liquid crystal 
driving voltage (V ) 

Adjust V that shows the best contrast. 

(2) Driving an LCD in the voltage above the limit shortens 
its life. 

(3) Response time is greatly delayed at temperatures below 
the operating temperature range. The display area be- 
comes dark blue at temperatures above this range. How- 
ever, this does not mean the LCD will be out of order; 
it will recover when it returns to the specified tempera- 
ture range. 

(4) If the display area is pushed hard during operation, the 
display will become abnormal. However, it will return 
to normal if it is turned off and then back on. 

(5) Condensation on terminals can cause an electrochemical 
reaction disrupting the terminal circuit. 

Therefore, it must be used under the relative condition 
of 40°C,50% RH. 

(6) When turning on power, input each signal after the 
positive/negative voltage becomes stable. 



4. Storage 

When storing LCDs as spares for some years, the following 
precautions are necessary: 

(1) Store them in a sealed polyethylene bag. If properly 
sealed, there's no need for dessicant. 

(2) Store them in a dark place; do not expose to sunlight or 
fluorescent light. Keep the temperature between 0°C 
and 35°C. 

(3) The polarizer surface should not come in contact with 
any other object. (We advise you to store them in the 
container in which they were shipped). 

(4) Environmental conditions 

(a) Humidity 

Observe the following conditions both in storage and 
in operation. 

(i) Number of dots: Below 1 28 x 240 

Ta < 40°C . . . 95% RH or less 
Ta 1 40°C . . . Below maximum absolute humi- 
dity of 40°C 95% RH 

(ii) Number of dots: 128 x 240 or over 
Ta < 40° C .... 85% RH or less 

Ta £ 40°C .... Below maximum absolute humi- 
dity of 40°C 85% RH 

(b) Exposure to high humidity and temperature 

(i) Do not leave them for more than 168 hrs. at 40°C 
95% RH (When number of dots is 128 x 240 or 
over 40° C 85% RH) 

(ii) Do not leave them for more than 1 68 hrs. at 60°C. 

(iii) As for X-type LCM, should not be left for more 
than 48 hrs. at -20°C. 

Note: Ta = ambient temperature 



Positive vuhage 
GND 



Omin , 50ms max. (X type) 



GND 

( Negative voltage) 

(Signal) 
GND 



Y 



Omin , 50ms max. (X-type) 
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5. How to handle the electroluminescent panel 

(For transflective type LCM) 

5.1. Selection of electroluminescent panel 

(1) The electroluminescent panel is inserted between the 
liquid crystal display (LCD) and printed circuit board of 
a liquid crystal module (LCM). Therefore, it is essential 
to select an electroluminescent panel that is insulated on 
both the PC board side and the LCD side. 
It is especially important to make sura that the electro- 
luminescent panel, is insulated on the PC board side, as 
the wiring of the through-hole portion is exposed. 
It is recommended that you use an electroluminescent 
panel with insulated ends as shown in the diagram below. 
If the ends of the electroluminescent panel are exposed, 
a short might occur with the liquid crystal module, 
resulting in damage to the module. 



(2) 



Electroluminescent panel 



Insulation 



Fig. 1 Cross section of electroluminescent panel 
(Model not drawn to scale) 



(3) Select the electroluminescent panel that is the right size 
for each liquid crystal module. There is a recommended 
size for each standard Hitachi liquid crystal module. 
Information on panel sizes is available upon request. 

5.2 Installing the electroluminescent panel 

(1) A cross section of the LCM construction is illustrated in 
Fig. 2. The gaps at either end through which the electro- 
luminescent panel is inserted are made of conductive 
rubber (interconnectors). 

When inserting the electroluminescent panel, be espe- 
cially careful not to move the conductive rubber. Do 
not push the rubber with the edge of the panel, as the 
rubber might be moved from its proper position. This 
could damage the connection between the LCD and 
the PC board, resulting in a display failure. 



, LCD 



Front panel 
(supports the LCD 
and PC board) 




(2) Since high voltage is applied to the feeder terminal of 
the electroluminescent panel, be careful to install the 
panel such that the feeder terminal does not touch the 
front panel or the PC board. (The voltage is high in 
comparison with that applied to the C-MOS drive circuit 
used in the liquid crystal module.) 

If the feeder terminal is touching the front panel or PC 
board when the lighting voltage is applied to the panel, 
the drive circuit and LCD will fail. There is also the 
possibility that other circuits (e.g. controller on the set 
side, MPU, etc.) may be adversely affected by the pas- 
sage of voltage through the interface. 

(3) Install the electroluminescent panel such that the lumin- 
ous part coincides with the window frame (effective 
display area) of the LCM front panel. 

The distance between the window frame of the front 
panel and the conductive rubber (dimension a in Fig. 2) 
varies with each liquid crystal module, but an average is 
about 2.0 mm. 

When determining the position where the electro- 
luminescent panel is to be installed, be careful not to 
move the conductive rubber with the panel. 

(4) Observe the following standards when soldering the elec- 
troluminescent panel to the PC boards. 

• Soldering iron temperature: 280°C±10°C 

• Soldering time: 3 ~ 4 sec. 

• Solder: eutectic solder 

If soldering flux is used, be sure to remove any re- 
maining flux after finishing the soldering operation. 
(This does not apply in the case of a non-halogen type 
of flux.) It is recommended that you protect the LCD 
surface with a cover during soldering to prevent any 
damage due to flux spatters. 

(5) When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached 
more than three times. This maximum number is deter- 
mined by the -temperature and time conditions men- 
tioned above, though there may be some variance de- 
pending on the temperature of the soldering gun. 

(6) When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before the 
solder is completely melted, the soldered pad on the PC 
board could be damaged. 



Conductive rubber 
(interconnector) 



Driver circuit 



Fig. 2 Cross section of a liquid crystal module 
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5.3 Drive circuit of i 




: panel 



(1) The luminance and life time of an electroluminescent 
panel vary depending on the drive voltage and frequency. 
Therefore, it is recommended that you select the drive 
circuit suggested by the electroluminescent panel manu- 
facturer. Using the recommended product will assure 
the optimum brightness and working life of the electro- 
luminescent panel. 



6. Safety 

(1) It is recommended to crush damaged or unnecessary 
LCDs into pieces and wash them off with solvents such 
as acetone and ethanol, which should later be burned. 

(2) If any liquid leakes out of a damaged glass cell and 
comes in contact with the hands, wash off thoroughly 
with soap and water. 
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This module is made of liquid crystal display device, driving 
LSI, printed circuit board and other parts. 
By attaching controller LSI HD61830 (or HD61830B) to the 
module, graphic display as well as numerals, alphabets, Japa- 
nese characters and symbol display will be available. 
CONTROLLER LSI HD61830 ■ HD61830B 
CONTROL CIRCUIT BOARD 
(CB1020R ■ CB1026R • CB1030R ■ CB1040R) 



H2525 

LM021 

LM200 

LM212 

LM213B 

LM211B 

LM221B 

LM238B 

LM215B 

LM224B 



(239 x 20 dot) 
(479 x 24 dot) 
(240 x 64 dot) 
(640 x 48 dot) 



LM225S 
LM240S 
LM236SB 
LM585S 



(640 x 200 dot) 
(480 x 128 dot) 
(640 x 200 dot) 
(640 x 200 dot) 



(256 x 64 dot, built-in controller) 
(480 x 64 dot) 
(240 x 128 dot) 

(240 x 128 dot, built-in controller) 
(480 x 128 dot) 
(480 x 128 dot) 



COLOR TONE 



Among graphic liquid crystal display modules, there are high- 
duty ratic dynamic drive LCM that have improved in contrast 
and viewing angle. They are called S type and X type. Follow- 
ing table shows their features. 



Type 


Background 
color 


Duty 


Remarks 


Grey 


Grey 


~ 1/64 


Natural background color. 


S 


Light 
yellow 


~ 1/128 


When displayed, the color is 
nearly grey. 


X 

(Develop- 
ing) 


Yellow 


~ 1 /200 


It has good contrast and view- 
ing angle, for high-duty-ratio 
drive over 1 /1 00. 



S type and X type have good features combining optical 
characteristics of the polarizer and liquid crystal materials. 
However, individual liquid crystal materials will be affected by 
the temperature causing slight change in color tone. So there 
are limit in temperature range, etc., for S type and X type of 
LCM. Ask us for detail. 



CONTROLLER LSI HD61830 HD61830B 



Graphic LCD Module Controller LSI 

Applied types: (1) H2525 • LM021 ■ LM212 ■ LM200 • LM211B ■ LM221B ■ LM215B/LM215SB 
(HD61830 is to be attached) 

(2) LM224B ■ LM225S (HD61830B is to be attached) 

(3) LM213B ■ LM238B (HD61830 is built-in) 



The HD61830 is a dot matrix liquid crystal graphic display 
controller LSI that stores the display data sent from an 8-bit 
microcomputer in the external RAM to generate dot matrix 
liquid crystal driving signals. 

It is possible to select the graphic mode in which the 1 -bit data 
of the external RAM corresponds to the ON/OFF state of 1 
dot on liquid crystal display and the character mode in which 
characters are displayed by storing character codes in the ex- 
ternal RAM and developing them into the dot patterns with 
the internal character generator ROM. Both modes can be 
provided for various applications. 

The HD61830 is produced in the CMOS process. Thus, the 
combination with a CMOS microcomputer can accomplish 
a liquid crystal display device with lower power consumption. 



Total 192 types 



■ Specifications: 

• Display control capacity 

• Graphic mode - 512k dots (2 16 bytes) 

• Character mode — 4096 characters (2 12 characters) 

• Internal character generator ROM - 7360 bits 
Character fonts 5 x ,7 dots 160 types 
Character fonts 5x10 dots 32 types 
(Can be extended to 4k byte max.) 

• Interfaceable to 8-bit MPU 

• Display duty (Can be selected by a program) 
Static to 1/128 duty selectable 

• Various instruction functions 

Scroll, cursor ON/OFF, blink, character blink, screen clear, 
bit manipulation 

• Display method — A or B types selectable 

(A or B: waveform) 

• Internal oscillator (with external resistor and capacitor) 

• Low power consumption 

• Power supply: Single +5V 

• CMOS process 

• 60-pin flat plastic package 



(Notes) HD61830B is a high speed and memory low power consumption version of HD61830. The difference between HD61830 and HD61830B 
are as follows; 

(1 ) Internal oscillation circuit 

(2) Additional memory control signals 

(3) Connection method in master/slave mode 

If you need detailed information, please refer to "Hitachi MOS LSI data book LCD driver LSI" or contact following office. 
Semiconductor & Integrated Circuit Div. 

New Marunouchi Bldg., 5-1 Marunouchi I chome, Chiyoda-ku, Tokyo 100, Tel: Tokyo (03) 212-1111 
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CONTROLLER LSI HD61830 



■ INTERNAL CHARACTER GENERATOR PATTERNS AND CHARACTER CODES 



Higher 

Lowei^\4bi t 
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CONTROLLER LSI HD61830 



EXAMPLE OF CONFIGURATION 

Graphic Mode 



MPU 







HD61830 



MO„_ , 



Liquid crystal 
display module 



MA„_,s 



RAM 



• Character Mode (1) (Internal Character i 



MPU 







HD61830 



MD„_ 



Liquid crystal 
display module 



MA„_ „ 



RAM 



• Character Mode (2) (External Character Generator) 



MPU 







HD61830 



MA,^„ 
I 



MD^,, 



Liquid crystal 
display module 



MA.,_„ 



RAM 



• Parallel Operation 



(Master) 



MPU 









cs 



CP, 



HD61830I1I 
SYNCJ 1 



Liquid crystal 
dispiav module 

ill 



Liquid cryscal 
display module 

in 



RAM 



Driving both of i 
module by same 

edtnmon signal 



cs 



CR SYNC 
HD61830 (2) 

(Slave) ,-11 



RAM 
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CONTROLLER LSI HD61830 



■ APPLICATION 

1. Character mode. External CG, Character Font 8x8 



Al2 
Al3 

A.. 

A.! 

VMA 

D» 

I 

D? 
*2 

R/W 



n ^ 







US 


WE 




MAo 


CS 


I 

MA 10 




MAn 


:Bo 


MA12 

1 


I 

CBt 


MAi« 




MAis. 


E 


MDo 


R/W 


1 

MDi 




RDo 


\ 


1 

801 




Di 




Fl M 


SYNC 


MB 


CL1 


CPO 


CL2 


rS 


D, 



7- 



+ 5V ■ 
GND ■ 
-5V- 



R 

Saaa- 



WE 




Ao 


RAM(l) 


1 


HM6116 


Aio 






CS~ 



I 

Aw 



RAM (2) 
HM6116 



CS 
1" 





Ao~A2 A3— Aio 




<!-■ 

1 


ROM 




[)'.' 


HN462716 


EI 



ft 



Di 




FLM 




MB 




CL1 




CL2 




Dl 


LM200 


+ 5V 




GND 




-5V 




Vo 





2. Graphic mode 



HD6800 

MPU 



CS E 
RS R/W 
RES 



HD61830 
controller 



RAM 

16k bits 
CMOS 



GND- 
Voo(5V)- 
Vee<-5V>- 



HD4410OH HD44100H 



HD44100H HD44100H 





ily 


for LCD di 
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CONTROL CIRCIT BOARD CB1020R, CB1026R, CB1030R, CB1040R 



■ BUILT-IN CONTROLLER LSI HD61830 

■ Applied types: Control circuit board can be applied to following types. 
CB1020R: LM021 • H2525 • LM200 

CB1026R: LM021 ■ H2525 ■ LM200 ■ LM211 ■ LM212 
CB1030R: LM211 ■ LM212 ■ LM215 
CB1040R: L225S 




CB1020R, CB1026R and CB1030R (mounted with controller 
LSI HD61830 and a socket for the refresh memory) are 
control circuit boards for graphic display modules. 
They allow direct connection to the MPU's bus line. The 
HD61830 controls signal generation and data conversion 
required for a liquid crystal display (LCD) module. This 
simplifies the graphic display system. These control circuit 
boards operate in graphic and character mode. In graphic 
mode, refresh memory contents are displayed on the LCD 
to allow display of figures, graphs, and pictures. 
In character mode, the 8-bit parallel code for each character 
is converted to the corresponding dot pattern by the charac- 
ter generator in the control circuit boards and displayed on 
the LCD. The built-in character generator converts 192 char- 
acters including 160 characters and 32 special pattern charac- 
ters. An additional character generator for character patterns 
required by the user can also be mounted. 



~~~~ — — Model 
Item 


CB1020R 


CB1026R 


Controller (Built-in) 


HD61830 x 1 pc. 


HD61830 x 1 pc. 


Refresh RAM 


Up to 2k bytes 


Up to 4k bytes 


External ROM 


Up to 2k bytes 


Up to 4 k bytes 


Dimensions (mm) 


78 x 53 


82 x 76 


LCD module to 
be driven 


LM021, H2525 
LM200 


LM021, H2525, 
LM200, LM211B 
LM212 




Model 

Items — — ________ 


CB1030R 


CB1040R 


Controller (Built-in) 


HD61830 x 2 pes. 


HD61830B x 2 pes. 


Refresh RAM 


Up to 8k bytes 


Up to 16k bytes 


External ROM 


Up to 4k bytes 


Up to 8k bytes 


Dimensions (mm) 


125x85 


150 x 140 


LCD module to 
be driven 


LM021, H2525 
LM200, LM211B 
LM212, LM215 


LM225S 



Note: Since IC socket is used in these products for the purpose of cir- 
cuit experiment, etc., do not use them where any vibration or 
shock might occur. Otherwise the connection between IC socket 
and IC will be loose which leads to poor connection. 
Please consult us when using control circuit board to these pro- 
ducts. 




CB1020R 



CB1026R 




CB1030R 




CB1040R 
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H2525 



■ 239dot (W) x 20 dot (H) graphic and alpha-numeric display 

■ Attachable controller LSI: HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 220W x 53H x 15T (max.) mm 

Effective display area 163Wx17Hmm 

Number of dots 239W x 20H dot 

Dot size 0.55W x 0.55H mm 

Dot pitch 0.65W x 0.65H mm 

Weight about 100g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V DD —V ss ) 7.0V 

Power supply for LCD drive |V DD -V EE ) .. . 13.5V 

Input voltage (V, ) V ss V DD V 

Operating temperature (Ta) 50° C 

Storage temperature (Tstg) -20 60°C 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V±0.25V, Vee=-5.0V±0.25V 

Input "high" voltage (V iH ) 0.7 x V DD V min. 

Input "low" voltage (V iL ) 0.3 x V DD V max. 

Clock frequency (f C i_2 ) ■ • • ■ 210 kHz min. 

300 kHz typ. 

390 kHz max. 

Power supply current ( l DD ) 3mA typ. 

(I EE ) 1mA typ. 

(Di , Dz = GND, f CL2 = 300 kHz) 
Power supply for LCD drive (Recommended) (V Q -V EE ) 

Duty = 1/20 

Ta= 0°C 5.5V typ. 

Ta=25°C 5.0V typ. 

Ta=50°C 4.0V typ. 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM single indicates the begining 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving 


3 


CL1 


H-H. 


The CL1 latches the serial data in the 
shift registers. 


4 


D1 


H/L 


Serial row data 


5 


CL2 


H-M- 


Clock signal for shifting the serial data 


6 


V DD (+5V) 




Power supply for logic circuit 


7 


Vss(GND) 




Ground 


8 


V EE (-5V) 




Power supply for LC driving 


9 


Vo 




Operating voltage for LC driving 


10 


NC 




No connection 



OPTICAL DATA See page 1 1 



Unit: mm 



155.25' 2M dm 



□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ ; 



U.55 


□ 

4 




U.65 













Fig. 1 Display pattern 



□ 
□ 
□ 
□ 
□ 
□ 

I 




Fig. 2 External dimensions 



Unit: mm 




r ~jl u uuuuuuuu u fO|i 



* IC height 
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Vdd 
Vss 
CL1 
CL2 
M 



Vee ■ 
FLM 
Dl 



XI 








I- C IJ 










X20 --*! 









I I L 



JT 







Fig. 3 Block diagram 









Vdu 




Vo 


LC M 


Vss 







(+5Vi 



VR 



Vo- Vee 



i 



(-5V) 



V Q -V EE : LCD driving vo 
VR: 10kn~20kn 



Fig. 4 Power supply 



TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Clock frequency 


f CL2 






500 


kHz (Note 1) 


Clock pulse width 
(High level) 


tCWH 


800 






ns 


Clock pulse width 
(Low level) 


tcWL 


800 






ns 


Clock set up time 


tcsu 


500 






ns 


Data set up time 


tsu 


300 






ns 


FLM set up time 


tFSU 


300 






ns 


M delay time 


*DM 


-1000 





+1000 


ns (Note 2) 


FLM hold time 


tFH 









ns 


Data hold time 




300 






ns 



Notes 1 . Optimum frequency for the highest contrast depends on the type of module. 

2. Timing of M signal to CL1 may be in the range of ± 1 000ns. 

3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ± 2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 



26 







VlH- 



CL1 



FLM 







CL2 



Dl 



test 



xzzx 



V,H 



Vih : 0.7 x Vdd 



■Vih 



Vih ■ 
Vil- 



X 



Vih 
Vil 











(art 



Vih 



X_)C 



Fig. 5 Interface timing (data write) 



0.63msSTS1.25ms 



CL1 

CL2 
Dl 



Jl 



T/240 



JUIilTLTUl 



X 20 



FLM 



FLM 



X 1 



Jl 



-Jl 



CM CO 



JLi. 















1 








20XT 






•: Data on Y240 is not indicated. 





L_ 



Fig. 6 Interface timing (data read) 
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LM021 



■ 479 dot (W) x 24 dot (H) graphic and alpha-numeric display 

■ Attachable controller LSI: HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 290W x 60H x 1 3T (max.) mm 

Effective display area 245W x 19H mm 

Number of dots 479W x 24H dot 

Dot size 0.43W x 0.55H mm 

Dot pitch 0.48W x 0.6H mm 

Weight about 150g 

ABSOLUTE MAXIMUM RATINGS 



mm. 



max. 
7.0 V 
13.5V 
V DD V 
50° C 
60°C 



Power supply for logic (V DD -V ss ) 

Power supply for LCD drive (V DD -V EE ) ... 

Input voltage (V|) V ss 

Operating temperature (Ta) 

Storage temperature (Tstg) -20 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V±0.25V, V EE =-5.0V±0.25V 

Input "high" voltage (V iH ) 0.7 x V DD V min. 

Input "low" voltage (V iL ) 0.3xV DD Vmax. 

Clock frequency (f CL2 ) 230 kHz min. 

350 kHztyp. 

460 kHz max. 

Power supply current (l DD ) 4mA typ. 

(I EE ) 2mA typ. 

(Di , D2 =GND, f CL2 = 350 kHz) 
Power supply for LCD drive (Recommended) (V -V EE ) 

Duty = 1/24 

Ta= 0°C 6.0 V typ. 

Ta=25°C 5.4 V typ. 

Ta=50°C 4.4 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving. 


3 


CL1 


H->-L 


The CL1 latches the serial data in the 
shift registers. 


4 


D1 


H/L 


Serial row data 


5 


D2 


H/L 


Serial row data 


6 


CL2 


H->-L 


Clock signal for shifting the serial data 


7 


V DD (+5V) 




Power supply for logic circuit 


8 


Vss(GND) 




Ground 


9 


V EE (-5V) 




Power supply for LC driving 


10 


Vo 




Operating voltage for LC driving 



Unit: mm 



□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 



□□□□□ 



□ 
□ 
□ 
□ 
□ 
□ 



Fig. 1 Display pattern 



Unit: mm 



10- #1.0 




290.0 + 1.0 



282.0±0.5 



261.010. S 



245.0 ±0.3 



7.6 + 0.5 



8.0 



141.0 + 0.5 



4.0±0.5 



,14.5 ±0.5 



5- (63.5 



E 



Fig. 2 External dimensions 



4.0max.* 



* Parts height 
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CM 


evi 




s. 
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>■ 


>- 




>- 


XI 






XI 








1 01 1 






D2 | 




X24 






X24 







o 



Note: Y480 is a dummy line. 
Fig. 3 Correspondence of display with data 



Vdd 
Vss 
CL1 
CL2 
M 



Vec 



Note: IC1-ICI4 : HD44100 



XI 






X 1 


L 


C D 




X24 


o 




£ X24 




eg 






>- 


> 







40 




10 




I" 




40 






! 




IC 
6 


m 


IC 






[1 
8 

















1 12 13 



24 


IC 




14 







MH1HI5 



ji ii n 



J i i c 



Dl • 
D2 ■ 



Fig. 4 Block diagram 











LC M 






Vec 









Vo- Kn 



VR 



Fig. 5 Power supply 



i - sv i V -V EE : LCD driving voltage 
VR: 10kft~20kn 



TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Clock frequency 


f CL2 






500 


kHz (Note 1) 


Clock pulse width 
(High level) 


•CWH 


800 






ns 


Clock pulse width 
(Low level) 


l CWL 


800 






ns 


Clock set up time 


tcsu 


500 






ns 


Data set up time 


*su 


300 






ns 


FLM set up time 


*FSU 


300 






ns 


M delay time 


*DM 


-1000 





+1000 


ns (Note 2) 


FLM hold time 


'FH 









ns 


Data hold time 




300 






ns 



Notes 1 . Optimum frequency for the highest contrast depends on the type of module. 

2. Timing of M signal to CLImay be in the range of ± 1000ns. 

3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 
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CL1 



FLM 



CL2 



Dl 



D2 



Viu- 



X 



V,H- 



tFSt' 



V, H 




VlH 
YlL ■ 



-VlL 



¥m 

YlL 



Yin : U.7X You 
Yil : (1.3 X You 



Fig. 6 Interface timing (data write) 



CL1 



CL2 



Jl 



(>.52msSTS1.04ms 



T 24H 



jinjuuui' 



X 24 



D2 
FLM 



FLM 



X 24 



r 



X 1 



X 1 



24 XT 



Jl 



Jimjifiri 



s I >■ >- 



X 2 



X 2 




*: Data on Y480 is not indicated. 



Fig. 7 Interface timing (data read) 
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LM212 



640 dot(W) x 48 dot(H) graphic and alpha-numeric display 
Attachable controller LSI : HD61830 (see page 20). 



OPTICAL DATA See page 1 1 



MECHANICAL DATA (Nominal dimensions) 

Module size 270W x 63H x 13.8T (max.) mm 

Effective display area 241 W x 25H mm 

Number of dots 640W x 48H dot 

Dot size 0.32W x 0.38H mm 

Dot pitch 0.37W x 0.43H mm 

Weight about 175 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd _ Vss) 6.5 V 

Power supply for LCD drive (V DD -V EE ) .... 15.0 V 

Input voltage (Vi) Vss Vdd v 

Operating temperature (Ta) 40°C 

Storage temperature (Tstg) —20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V, V EE = -9V 
(Internal power supply) min. max. 

Input "high" voltage (Vi H ) 3.5 V DD V 

Input "low" voltage (Vi L ) 1.5 V max. 

Clock frequency (fcL2> 1,075 kHz min. 

1,152 kHz typ. 

1,228 kHz max. 

Power supply current Odd) 10 mA typ. 

(D-,, D 2 =GND,f CL2 = 1,152 kHz) 
Power supply for LCD drive (Recommended) (V DD - V D ) 

Duty = 1/48 

Ta= 0°C 12.5 V typ. 

Ta = 25°C 11.0V typ. 

Ta = 40°C 9.7 V typ. 



INTERNAL PIN CONNECTION 



Pin No. 


Oy ITILXJ 1 


Level 


runcilon 


1 


D1 


H/L 


Serial row data (left half) 


2 


FLM 


H 


The FLM signal Indicates the begin- 
ning of each display cycle 


3 


M 


H/L 


Control signal for AC driving 


4 


CL1 


H ->• L 


The CL1 latches the serial data in the 
shift registers 


5 


CL2 


H ->L 


Clock signal for shifting the serial 
data 


6 


D2 


H/L 


Serial row data (right half) 


7 


V DD (+5V 




Power supply for logic circuit 


8 


v S s 




Ground 


9 


V EE (-10V) 




Power supply for LC driving 


10 


vo 




Operating voltage for LC driving 



— I 



6-#8 



263.4±0.3 



241.0+0.3 



236.75±0.1 



(2.1) 



40 



(2.9) 



Unit: mm 



6-«3.5 + 0.3 



131.0+0.3 



131.0+0.3 



270.0+ 0.5 



-jnnrnrof 



lr~~|J 



Fig. 1 External dimension 



HIF3A-10D-2.54R 



* Parts height 
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Unit : mm 



236.75(640dots) 



□ □□□ 

I 

I 

□ □□□ 



□d 
□□ 

i 
i 
i 

□□ 
□□ 



Fig. 2 Display pattern 




+ 5V 



V,,,, -±- 



rb I VR 



Vdd 
Vss 

Vo 

-V EE 



LCM 



Vlcd 



Fig. 4 Power supply 



R: 30 "- 50kn 
VR: 20kft 

V LCD : Operating voltage for LC driving 



Vdd 
Vss 
CL1 
CL2 
M 



R: Inverting voltage regulator 



FLM 



Vdd 



Vo 
V EE ' 

Dl- 
D2- 



_J 



IC17 



32 



IC18 



16 



XI 
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eg 
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40 




40 



IC1 




IC8 




IC9 




IC16 



Fig. 5 Block diagram 
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Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Clock frequency 


fCL2 






1228 


kHz (Note 1 ) 


Clock pulse width (High level) 


tCWH 


200 








ns 


Clock pulse width (Low level) 


*CWL 


300 




- 


ns 


Clock set up time 


*CSU 


540 






ns 


Data set up time 


*SU 


40 






ns 


FLM set up time 


tFSU 


100 






ns 


M delay time 


t DM 






+1000 


ns (Note 2) 


FLM hold time 


*FH 


800 






ns 


Data hold time 


*DH 


400 






ns 



Notes 1 . Optimum frequency for the highest contrast depends on the type of module. 

2. Timing of M signal to CLI may be in the range of ± 1000ns. 

3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz +2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 
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■ 240 dot (W) x 64 dot (H) graphic and alpha-numeric display 

■ Attachable controller LSI: HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 180W x 75H x 13.8T (max.) mm 

Effective display area 132W x 39H mm 

Number of dots 240W x 64H dot 

Dot size 0.48W x 0.48H mm 

Dot pitch 0.53W x 0.53H mm 

Weight about 150g 



INTERNAL PIN CONNECTION 



ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V DD —V ss ) 7.0V 

Power supply for LCD drive (V DD -V EE ) .. . 13.5V 

Input voltage (V,) V ss V DD V 

Operating temperature (Ta) 50° C 

Storage temperature (Tstg) —20 60° C 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V±0.25V, Vee=-5.0V±0.25V 

Input "high" voltage (V iH ) 0.7 x V DD V min. 

Input "low" voltage (V jL ) 0.3 x V DD Vmax. 

Clock frequency (f C |_ 2 ) 390 kHz min. 

460 kHz typ. 

520 kHz max. 

Power supply current (l DD ) 5mA typ. 

(Di , D2=GND, f CL2 =460 kHz) 
Power supply for LCD drive (Recommended) (V D — V EE ) 

Duty = 1/32 

Ta= 0°C 8.1 V typ. 

Ta = 25°C 7.4 V typ. 

Ta = 50°C 6.5 V typ. 

OPTICAL DATA See page 1 1 



2 0-0.3. 
T.0t0.5] 



u 



_ 1I7.I5-0.2 _ 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Serial row data 


2 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


3 


M 


H/L 


Control signal for a.c. driving 


4 


CL1 


H^-L 


The CL1 latches the serial data in the 
shift registers. 


5 


CL2 


H^-L 


Clock signal for shifting the serial data 


6 


D2 


H/L 


Serial row data 


7 


V DD (+5V) 




Power supply for logic circuit 


8 


V SS (GND) 




Ground 


9 


V EE (-5V) 




Power supply for LC driving 


10 


Vo 




Operating voltage for LC driving 



Unit: mm 



127.15(240doii 



]□□□" 
□ □□□ 



□ □ 

a 



--□CJT 
-□□ 





Fig. 1 Display pattern 



Unit: mm 




Fig. 2 External dimension 









ED 


X32 





X33 






| D2 








o 















Fig. 3 Correspondence of display with data 



<§> HITACHI 



CL1 
CL2 
M 



Von 
Vee 
Vss 
Vo 



HD44104 

ICS 



HD44104 
ICI 



Y240 



TI 



XI 




XX! 






LCD 


X33 




X M 





HD44104 

IC12 



1 HD44104 

IC7 



Fig. 4 Block diagram 





Vbu 




V, 


LCM 


Vss 




Vm 



! + 5V) 



VR 



Vo- Vef. 



— 



1 



(-5V) 



V -V EE : LCD driving voltage 
VR: 10kft~20kn 







Fig. 5 Power supply 



TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Clock frequency 


f CL2 






520 


kHz (Note 1) 


Clock pulse width 
(High level) 


tCWH 


800 






ns 


Clock pulse width 
(Low level) 


tCWL 


800 






ns 


Clock set up time 


l CSU 


500 






ns 


Data set up time 


tsu 


300 






ns 


FLM set up time 


l FSU 


300 






ns 


M delay time 


*DM 


-1000 





+1000 


ns (Note 2) 


FLM hold time 


»FH 









ns 


Data hold time 




300 






ns 



Notes 1. Optimum frequency for the highest contrast depends on the type of module. 

2. Timing of M signal to CLImay be in the range of ± 1000ns. 

3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ±2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 
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CL1 



FLM 



CL2 



Dl 



D2 



VlH- 



trsu 







VlH 



- VlH 



x 



Vm 

VlL 



tst 



VlH- 
VlL 



Fig. 6 Interface timing (data write) 



Vih : 0.7 x v DD 
Vu : 0.3 x Vdd 








CL1 

CL2 
Dl 

D2 
FLM 

FLM 



jWLruiri 



X 32 



T/240 



0.45msSTS0.62ms 



X 1 



TUTJIITJUI 



Jil 



CM CM 



X 2 



X 64 



X 33 



X 34 



32XT 



Fig. 7 Interface timing 
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LM213B 



■ 256 dot(W) x 64 dot(H) graphic and alpha-numeric display 

■ Controller LSI HD61830 is built-in (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 184W x 75H x 12T (max.) mm 

Effective display area 149.6Wx43Hmm 

Number of dots 256W x 64H mm 

Dot size 0.51W x 0.51H mm 

Dot pitch 0.56W x 0.56H mm 

150 g 

max. 
7.0 V 
15.0 V 
V DD V 
40° C 
60°C 



Weight 

ABSOLUTE MAXIMUM RATINGS min. 

Power supply for logic (Vdd _v Ss) 

Power supply for LCD drive (V DD -V EE ) 

Input voltage (Vi) V S s 

Operating temperature (Ta) 

Storage temperature (Tstg) —20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V, 

v cc = -9 0V + 5% 
v EE o.uv _i 0% 

Operating internal frequency Fcpi 500 kHz 

F CP2 1.2 MHz 

Power consumption 250 mW 

Power supply for LCD drive (Recommended) (V DD -V D ) 

Duty = 1/64 

Ta= 0°C 13.2 Vtyp. 

Ta = 25°C 11.7 Vtyp. 

Ta = 40°C 10.2 Vtyp. 



INTERFACE TABLE 



Pin No. 


Symbol 


Pin No. 


Symbol 


1 


V SS (GND) 


11 


DB4 


2 


V DD (+5V) 


12 


DB5 


3 


Vfj 


13 


DB6 


4 


RS 


14 


DB7 


5 


R/W 


15 


CS 


6 


E 


16 


RES 


7 


DBO 


17 


V EE (-9 V) 


8 


DB1 


18 


N.C 


9 


DB2 


19 


N.C 


10 


DB3 


20 


N.C 



OPTICAL DATA 



. . See page 1 1 



LCM 



V„ 



( +5V) 



VR 



-9V) 



V DD -Vo: LCD diiving voltage 
VR: 10k«~20kn 



Fig. 1 Power supply 



2fl 01.1 



] Ml ±11.1 (256dol i 



Or 



I — n^o^ Cuuuuuuuuuop 1 



] n: 



UUUUUUU 



Unit: mm 



-0.3 









u.nri 
















n 






uu 



6.0 max 



*1 1C height 
*2 Parts height 



Detail of A part 



Fifl. 2 External dimension 
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RES | 

RS • 

E| 

DBo, 
I 



Iss 



V. 
Ire I 



V 

V 



X40 
X41 



LCD 



in 



IC1 




IC3 





Y256 



Fig. 3 Block diagram 



TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Cycle time of 'E' 


tcYC 


1.0 






M s 


Pulse width of 'E' 


H level 


tWEH 


0.45 






MS 


L level 


'WEL 


0.45 






MS 


Pulse raise time of 'E' 


tEr 






25 


ns 


Pulse fall time of 'E' 


tEf 






25 


ns 


Set up time of CS, R/W, RS 


Us 


140 






ns 


Set up time of Input Data 




225 






ns 


Data delay time 


*DD 






225 


ns 


Hold time of Data 


t H 


10 






ns 


Hold time of CS. R/W, RS 


tAS 


10 






ns 



7 A / 



21/ 
0.8V 



DBo- 7 
!MPi;-LM213B' 



0.8V 



(MPU - 1.M21.1B) 



/^! A 



Fig. 4 Interface timing (MPU <f* LM213B) 
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LM211B 



■ 480 dot(W) x 64 dot(H) graphic and alpha numeric display 

■ Attachable controller LSI: HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 



Module size 270W x 82H x 13T (max.) mm 

Effective display area 240W x 38H mm 

Number of dots 480W x 64H dot 

Dot size 0.44W x 0.44H mm 

Dot pitch 0.49W x 0.49H mm 

Weight about 180 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vqq— Vss) 6.5 V 

Power supply for LCD drive (V DD -V EE ) .... 15 V 

Input voltage (Vi) Vss Vdd V 

Operating temperature (Ta) 40°C 



Storage temperature (Tstg) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V, 
V EE = -9.0V ± 0.45 V 



Input "high" voltage (Vin) 0.7 x Vdd V min. 

Input "low" voltage (Vi|_) 0.3 x Vdd V max. 

Clock frequency (fcL2> 610 kHz min. 

920 kHz typ. 
1200 kHz max. 

Power supply current (Idd) 16 mA typ. 

(I EE ) 6 mA typ. 



Power supply for LCD drive (Recommended) (V D d _ v O> 

Duty = 1/64 

Ta= 0°C 13.3 V typ. 

Ta = 25°C 11.9V typ. 

Ta = 40°C 10.6 V typ. 

OPTICAL DATA See page 1 1 



INTERFACE TABLE 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Serial row data (left half) 


2 


FLM 


H 


The FLM signal indicates the begin- 
ning of each display cycle 


3 


M 


H/L 


Control signal for AC driving 


4 


CL1 


H -+L 


The CL1 latches the serial data in the 
shift registers 


5 


CL2 


H ->-L 


Clock signal for shifting the serial 
data 


6 


D2 


H/L 


Serial row data (right half) 


7 


V DD (+5V) 




Power supply for logic circuit 


8 


v S s 




Ground 


9 


V EE (-9V) 


— 


Power supply for LC driving 


10 


v 




Operating voltage for LC driving 



270.0+ 0.5 



5.2± 0.3 



260.0±0.3 



9.5± 0.3 



240.0 + 0.3 



12.2+0.3 



235.15 + 0.1 



in 



146.0 + 0.3 



10-(41.0 



4.0±0.3 



131.0 + 0.3 



10 ' «+H 



2.54pitch 



10-01.0 2.5 
131.0 + 0.3 



205.0+ 0.3 



ch 



Unit: mm 



6-#3.5 




1.6 + 0.2 



Fig. 1 External dimension 
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Unit : mm 



□ □□□ 

I 

I 
I 

□ □□□ 



□ □ 

I 
I 
I 

□ □ 



1 5 



Fig. 2 Display pattern 



v«,- 

CL1- 
CL2- 



(Vlui=LCD driving voltage) 



\tlfi 
y vn 



y Win-" Y241-Y4 



IC] IC6 



3 



Fig. 3 Block diagram 



Fig. 4 Power supply 



Vi„, 

v„ 

LCM V^s 
Vkk 


( +5V) 






i VR 








(-9 



VR: 10kn~20kn 



400nsmin I | 0.19ms STS0.39ms 



CL1 



JL 



c L2 JUUinJIJITL — J\I\.~JUUUUUU\T. 



300nsmin 



Dl 
D2 

M 

FLM 
FLM 
M 



X64 



T 24 



I 




Fig. 5 Interface timing 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Clock frequency 


f CL2 


- 


- 


1200 


kHz (Note 1) 


Plnrk niikp width (Hinh lovpll 


tcwm 


400 


- 


- 


ns 


tCWH 


300 


- 


- 


Clock pulse width (Low level) 


tCWL 


300 






ns 


Clock set up time 


tcsu 


300 






ns 


Data set up time 




200 






ns 


FLM set up time 


X FSU 


200 






ns 


M delay time 


t DM 


-1000 




+1000 


ns (Note 2) 




FLM hold time 


tFH 









ns 


Data hold time 


tDH 


200 






ns 



Notes 1. Optimum frequency for the highest contrast depends on the type of module. 

2. Timing of M signal to CL1 may be in the range of + 1000ns. 

3. In adjusting FLM frequency, avoid setting itaround the commercial frequency (50 Hz +2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 



CL1 



FLM 



CL2 



\ 



Dl, D2 



' tCWHI 



IFSU 




IFH 



V,H 

Vu 



(SI 



VlH- 
VlL 



Fig. 6 Interface timing 



Vm : 0.7 x Vdd 

Vn ■ 0.3 X Vdd 



i \ v " ^ \ / \ / 
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LM221B 



■ 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI : HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 180W x 120H x 13.8T (max.) mm 

Effective display area 148W x 75.0H mm 

Number of dots 240W x 128H dot 

Dot size 0.50W x 0.50H mm 

Dot pitch 0.55W x 0.55H mm 

Weight about 210 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD — V S s) 7.0V 

Power supply for LCD drive (V DD - V EE ) ... 19.0 V 

Input voltage (Vi) (Note 1) V ss V DD V 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD - V ss = 5.0V ±0.25V, 
Vee - V S s = 13.5V + 0.25V 

Input "high" voltage (V| H ) (Note 1) 0.7 x V DD ~ V DD V 
Input "low" voltage (V| L ) (Note 1) . . . . ~0.3 x V DD V 
Clock frequency (f CL2 ) 1.08 MHz min. 

1.15 MHztyp. 

1.23 MHz max. 

Power supply current (l DD ) 6 mA typ. 

(Dj, D 2 = GND) (f CL 2 = 1.15 MHz) (V DD - V = 12.9V) 



Power supply for LCD drive (Recommended) (Vdd ~ V ) 

Duty = 1/64 

Ta= 0°C 14.9 V typ. 

Ta = 25°C 13.7 V typ. 

Ta = 40°C 12.3 V typ. 

OPTICAL DATA See page 11 

Notes 1. Applied to CL1 , CL2, D1 ~ D2, M, FLM. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Serial row data 


2 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle 


3 


M 


H/L 


Control signal for AC driving 


4 


CL1 


H ->■ L 


The CL1 latches the serial data in the 
shift registers 


5 


CL2 


H ->■ L 


Clock signal for shifting the serial data 


6 


D2 


H/L 


Serial row data 


7 


vdd 




Power supply for logic circuit 


8 


v S s 




Ground 


9 


vee 




Power supply for LC driving 


10 


v 




Operating voltage for LC driving 



Unit: mm 



131.95 + 0.1(240dot) 



OEDLT 



□□□□□ 



□ 



X65 □ 



□□□□ d 



0.5 



0.55 



Fig. 1 Display pattern 
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6.3max. 



pr 



A20 

nsnnnnnnfift 



(8.03) 




Unit: mm 



j | 2.54±0 l \ 10-^] 11 I 6i02 



Fig. 2 External dimensions 



*A1 ~ A20 pads should not be used for LM221B. 
Do not connect any signal or power supply. 
Use pin No. 1 ~ 10 for interface. 



Dl O- 



FLM O- 



CL1 O- 
CL2 O— 
M O- 



Interface 
circuit 



v™, o 
V«i o- 
v.. o- 
V„ O- 



D2 O- 



IC 

1 



IC 



Power supply 



IC 

3 


1 >- 


IC 

4 




IC 

5 



XI 



X64 



IC 



LCI) 



1 i 



Fig. 3 Block diagram 



+ 5V 



Vdd-Vd 



VR 



V„ 



LCM 



L 



Fig. 4 



VDD - Vn: LCD driving volta 
VR: 10kn ~ 20kfi 
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CL1 

CL2 
Dl 



150ns 



1K 

_n_ 



0.19msS T S0.23ms 



T/240 



JUUl 

_ 150 ns min. 

150ns min.-r 



D2 



~i_r 

X64 - 

_TL 



-X128- 



M 



FLM 



FLM 



M 



XI 



X65 



2 ( /s min. 



J [ 



64 xT 



Jl 



7MMM 



X2 



X66 



ZL 



3UUns max. 
100ns mm. 



Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


CL2 cycle time 


'CYC 









ns 


CL2 pulse width (H) 


( CWH 


150 






ns 


CL2 pulse width (L) 




150 




i 


ns 


CL1 set up time (1 ) 


'SCL1 


150 






ns 


CL1 set up time (2) 


tHCLI 


150 






ns 


Clock rise/fall time 


tr. tf 






30 


ns 


Data set up time 


tDSU 


100 






ns 


Data hold time 


'DH 


100 






ns 


CL1 delay time 


tCL 


150 






ns 


M delay time 


'CM 






300 


ns 


FLM set up time 


tFS 


100 






ns 


FLM hold time 


*FH 


100 






ns 



* — ■» 



CL1 



CL2 



D1-D2 



* 



tCL 



tcWH 



tcWH 



t»SL' 



X 



tsCLl 



t(WL 



tcvc 



M 



tKS 



tllH 



FLM 



t H 1 1 . ] 



toi 



X 



Fig. 7 Interface timing 
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LM238B 

■ 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 

■ Controller LSI HD61830 is built-in. (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 180W x 120H x 13.8T (max.) mm 



Effective display area 148Wx75.0Hmm 

Number of dots 240Wx128Hdot 

Dot size 0.50W x 0.50H mm 

Dot pitch 0.55W x 0.55H mm 

Weight about 220 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V D d — Vgs) 7.0V 

Power supply for LCD drive (V DD - V E e) ••■ 19.0 V 

Input voltage (Vi) (Note 1) V ss V D d v 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 



ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD - V ss = 5.0V ±0.25V, 
Vee - V S s = -13.5V ±0.25V 

Input "high" voltage (V )H ) 2.2 V min. 

Input "low" voltage (V| L ) 0.8 V max. 

Clock frequency (fcL2> (Internal clock). ... 1.2 MHz max. 

Input leak current (I | N ) — 5 ~ 5 ;uA 

Output leak current Oout) -10~10/itA 

Power consumption 250 mW max. 

(V DD = 5V. Ta = 25°C, V DD - V„ = 13.7V) 



Power supply for LCD drive (Recommended) (V DD - V ) 

Duty = 1/64 

Ta= 0°C 14.9 Vtyp. 

Ta = 25°C 13.7 Vtyp. 

Ta = 40°C 12.3 Vtyp. 

OPTICAL DATA See page 1 1 

Notes 1 . Applied to CL1 , CL2, D1 ~ D2, M, FLM. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between 0°C and 40° C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Function 


A1 


v S s (ov) 


Ground 


A2 


V D D < + 5 v > 


Power supply for logic 


A3 


v 


Power supply for LCD drive 


A4 


RS 


Register select 


A5 


R/W 


Read/write 


A6 


E 


Enable 


A7 ~ 14 


DB0 ~ DB7 


Data bus 


A15 


CS 


Chip select 


A16 


RES 


Reset 


A17 


Vee (-13.5V) 


Power supply 


A18 ~ 20 


N.C 


No connection 



Unit: mm 



131.95±0.1<240dot) 



IY1 



Y240 



XI 



X64 ^ 



9 
□ 
□ 



I 



X65 _ 



d 



Y241 



0.5 



Y480 



0.55 



Fig. 1 Display pattern 
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Unit: ram 

180 ±0.5 

173.0±0.3 | _ 3.5 ±0.5 



165.0±0.3 i 7.0±0.5 




*B1 ~ BIO pads should not be used for LM238B. 
Do not connect any signal or power supply. 



Fig. 2 External dimension Use A1 ~ A20 for toler&ce. 



CS 



RSI 



OB0, 
DB7 



p 

-I Vf.f. 



MAO - MA 10 > 



55 



3 



TT TT TT 



XI 




Y240 


XM 
X65 


240dotxI28dotLCD 




XI 28 


Y241 


Y480 



TT 




TT 


- IC6 




IC7 




IC8 



* Interface timing circuit 



Fig. 3 Block diagram 



I 

_ J 



V DD _ v O : LCD driving voltage 
VR: lOkil ~ 20kn 



+ 5V 



VR ' 



L 



-13.5V 



"TT 

Vdd - V„ 



v„„ 




Vss 




Vo 


LCM 


V EF . 





Fig. 4 Power supply 



V DD — v O : LCD driving voltage 
VR: lOkfi ~ 20kO 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


tCYC 


1.0 








/"S 


Enable pulse width 


H level 


tWEH 


0.45 


— 


— 


MS 


L level 


*WEL 


0.45 






/iS 


Enable rise time 


tEr 






25 


ns 


Enable fall time 


tEf 






25 


ns 


CS, R/W, RS set up time 


l AS 


140 






ns 


Data set up time 


tDIS 


225 






ns 


Data delay time 


*DD 






225 


ns 


Data hold time 


tH 


10 






ns 


CS, R/W, RS ->-hold time 


tAS 


10 






ns 



CS,R/W,RS 



DBO-7 

(MPU^LM238B) 



DBO-7 

(MPU«-LM238B) 



2.2V 
0.8V — 



2.2V \f 
0.8V 



- tcYC - 



- tWEH - 



-tEr tEf — 



2.2V 
0.8V 



2.4V 
/ V 0.4V 



- twEL- 



tH ■ 



V 



Fig. 5 Interface timing (MPU -** LM238B) 
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LM215BLM215SB 



■ 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI: HD61830 (see page 20). 
MECHANICAL DATA (Nominal dimensions) 



Module size 270W x 1 10H x 1 1 .5T (max.) mm 

Effective display area 242W x 69H mm 

Number of dots 480W x 128H dot 

Dot size 0.43W x 0.43H mm 

Dot pitch 0.48W x 0.48H mm 

Weight about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vqq — Vss) ....... 7.0 V 

Power supply for LCD drive (V DD - V EE ) ... 19.0 V 

Input voltage (Vi) (Note 1) -0.3 V DD V 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ±0.25 V, 
V EE =-10.0 V ±0.25 V 



Input "high" voltage (V !H ) (Note 1) . 0.7 x V DD ~ V DD V 
Input "low" voltage (V| L ) (Note 1 ) .... ~ 0.3 x V D dV 



Clock frequency (f CL2 ) 1.08 MHz min. 

1.15 MHz typ. 
1.23 MHz max. 

Power supply current Udd) 6 mA typ. 

Oee) 3 mA typ. 



(Dj ~D 4 = GND) (f CL2 = 1.15 MHz) (V DD - V = 11.9V) 
(LM215B)-12.5V (LM215SB) 
Power supply for LCD drive (Recommended)(V DD - V ) 

Duty = 1/64 
LM215B LM215SB 

Ta= 0°C 13.3 13.6 V typ. 

Ta = 25°C 11.9 12.5 V typ. 

Ta = 40°C 10.6 11.9V typ. 



OPTICAL DATA See page 1 1 

Notes 1. Applied to D1 - D4, FLM, M, CL1, CL2. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Serial row data (upper left half) 


2 


D2 


H/L 


Serial row data (lower left half) 


3 


FLM 


H 


The FLM signal indicates the begin- 
ning of each display cycle 


4 


M 


H/L 


Control signal for AC driving 


5 


CL1 


H -+L 


The CL1 latches the serial data in the 
shift registers 


6 


CL2 


H -+L 


Clock signal for shifting the serial 
data 


7 


D3 


H/L 


Serial row data (upper right half) 


8 


D4 


H/L 


Serial row data (lower right half) 


9 


V D D< + 5V) 




Power supply for logic circuit 


10 


v S s <ov) 




Ground 


11 


VEEI-10V) 




Power supply for LC driving 


12 


vo 




Operating voltage for LC driving 



Unit: mm 



1.0 ±0.5 
4.0 ±0.5 



268.0 ±0.3 



262.0 ±0.3 



(5.9) 



7 J 2.54±0.1 m m 



230.35 + 0.1 



12-#1.0 



Fig. 2 Display pattern 
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Unit: mm 



230.35 + (U(480dots) 



□□□□□ 
□□□□□ 



0.05 







"□ 

□ 
□ 

a 
□f 



□ 



Fig. 2 Display pattern 
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Fig. 4 Power supply 
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D3o- 
D1 - 



FLMO- 
CL1 - 
CL2 
M - 

Vss- 
V 0D 
V EE 
Vo - 
D2o- 







IC1 



3 



IC13 



X1 



IC14 



X64 



X65 



X128 



Power 
Supply 



LCD 



D40- 



IC3 




IC4 




IC6 







IC9 




I C 1 




IC12 
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Fig. 5 Block diagram 
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TIMING CHARACTERISTICS 





'wmhn I 


M i n . 


i y p. 


Max. 


Unit 


f* 1 9 r*vp|p timp 

v_/ l — \j y 1 c liiiic 


*CYC 


810 








CL2 pulse width (H) 


trMA/u 


150 






ns 


CL2 Dulse width (L) 


^CWL 


150 






ns 


0L1 spt un timp (1 ) 


t SCL1 


150 








CL1 set up time (2) 


*HCL1 


150 






ns 


Clock rise/fall time 


tf.tf 






30 


ns 


Data set up time 


tDSU 


100 




- 


ns 


Data hold time 


tDH 


100 






ns 


CL1 delay time 


tCL 


150 






ns 


M delay time 


*CM 






300 


ns 


FLM set up time 


*FS 


100 






ns 


FLM hold time 


t FH 


100 






ns 
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LM224B 



■ 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI: HD61830B (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Modulesize 270W x 1 10H x 11 .5T (max.) mm 

Effective display area 242W x 69H mm 

Number of dots 480W x 128H dot 

Dot size 0.43W x 0.43H mm 

Dot pitch 0.48W x 0.48H mm 

Weight about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd _ v ss> 7.0 V 

Power supply for LCD drive (V DD - V EE ) ... 19.0 V 

Input voltage (Vi) (Note 1) -0.3 V D dV 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD - V S s = 5.0 V ±0.25 V, 
Vee - V S s - 11.0 V ±0.5 V 

Input "high" voltage (V| H ) 0.7 x V D d ~ Vdd v 

Input "low" voltage (V| L ) 0~0.3xV DD V 

Clock frequency (f CL2 ) 2.15 MHz min. 

2.30 MHz typ. 

2.40 MHz max. 

Power supply current Odd) 10 mA typ. 

(Iee) 3 mA typ. 

(Dj , D 2 = GND) (f CL2 = 2.30 MHz) (V DD - V = 13.8V) 
Power supply for LCD drive (Recommended) (Vdd ~ V ) 

Duty = 1/64 

Ta= 0°C 14.8 V typ. 

Ta = 25°C 13.8 V typ. 

Ta = 40°C 12.4 V typ. 



OPTICAL DATA See 



11 



Notes 1. Applied to FLM, M, CL1, CL2, D1, D2. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between 0°C and 40° C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Data signal 


2 


D2 


H/L 


Data signal 


3 


FLM 


H 


The FLM signal indicates the begin- 
ning of each display cycle 


4 


M 


H/L 


Control signal for AC driving 


5 


CL1 


H ->L 


The CL1 latches the serial data in the 
shift registers 


6 


CL2 


H -+L 


Clock signal for shifting the serial 
data 


7 


NC 




Data signal 


8 


NC 




Data signal 


9 


v D d 




Power supply for logic circuit 


10 


v S s 




Ground 


11 


v E e 




Power supply for LC driving 


12 


vq 




Operating voltage for LC driving 



XI 


Dl 


X64 






Fig. 1 Correspondence of display with data 
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Fig. 2 Display pattern 
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Parts area 



~n n □ □ 



Fig. 3 External dimension 
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Fig. 4 Block diagram 
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Fig. 5 Power supply 
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Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


CL2 cycle time 


tCYC 


417 


— 


— 


ns 


CL2 pulse width (H) 


tCWH 


150 


— 


— 


ns 


CL2 pulse width (L) 


tCWL 


150 






ns 


CL1 set up time (1 ) 


tSCL1 


150 


— 


— 


ns 


CL1 set up time (2) 


tHCL1 


150 




— 


ns 


Clock rise/fall time 


tr.tf 






30 


ns 


Data set up time 


tDSU 


100 






ns 


Data hold time 


*DH 


100 






ns 


CL1 delay time 


tCL 


150 






ns 


M delay time 


X CM 






300 


ns 


FLM set up time 


tFS 


200 






ns 


FLM hold time 


t FH 


100 






ns 
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LM225S 



■ 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI: HD61830 (see page 20). 

MECHANICAL DATA (Nominal dimensions) 

Module size 270W x 150H x 13.0T (max.) mm 



Effective display area 239W x 104H mm 

Number of dots 640W x 200H dot 

Dot size 0.32W x 0.46H mm 

Dot pitch 0.35W x 0.49H mm 

Weight about 450 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD — V ss ) 7.0 V 

Power supply for LCD drive (V DD - V EE ) ... 19.0 V 

Input voltage (Vi) (Note 1) V S s V DD V 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD - V ss = 5.0 V ±0.25 V, 
Vee - V S s = -13.5 V ±0.25 V 

Input "high" voltage (V| H ) 0.7 x V DD ~ V DD V 

Input "low" voltage (V, L ) 0~0.3xV DD V 

Clock frequency (f CL2 ) 2.13 MHz min. 

2.28 MHz typ. 

2.46 MHz max. 

Power supply current (I D d> 6 mA typ. 

(I E E> 3 mA typ. 



(Di , D 2 = GND) (f CL2 = 2.28 MHz) (V DD - V = 14.0V) 
(D 3 , D 4 = GND) 
Power supply for LCD drive (Recommended) (V DD - V ) 

Duty = 1/100 

Ta= 0°C 15.0 V typ. 

Ta = 25°C 14.0 V typ. 

Ta = 40°C 13.0 V typ. 



OPTICAL DATA See page 1 1 

Notes 1. Applied to CL1, CL2, D1 ~ D4, M, FLM. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 

It is recommended to use it between 0°C and 40° C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


D1 


H/L 


Serial row data (upper left half) 


2 


D2 


H/L 


Serial row data (lower left half) 


3 


FLM 


H 


The FLM signal indicates the begin- 
ning of each display cycle 


4 


M 


H/L 


Control signal for AC driving 


5 


CL1 


H ->• L 


The CL1 latches the serial data in the 
shift registers 


6 


CL2 


H -> L 


Clock signal for shifting the serial 
data 


7 


D3 


H/L 


Serial row data (upper right half) 


8 


D4 


H/L 


Serial row data (lower right half) 


9 


v D d 




Power supply for logic circuit 


10 


v S s 




Ground 


11 


v E e 




Power supply for LC driving 


12 


v 




Operating voltage for LC driving 



Yl 



X 



□□□□□ 



□ » 



Unit: mm 



□□□□□ 



□ * 

□ x 



4- 



J X2M 
Y1280 



Fig. 1 Display pattern 
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13.0max. 



1.0 + 0.5 



4.0 ±0.5 



270.0 ±0.5 



268.0 ±0.3 



262.0 ±0.3 



15.5 ±0.5 

/ 239.0 ±0.3 



'7.515) 



TTZ 



131.0 + 0.3 



it 



2.54 ±0.1 



2.5 ±0.5 



223.97 + 0.1 



12-01.0 



Unit: mm 



1.6=±0.2 



5.2 ±0.3 



^ K M3,5^8:, 



\ia 



0±0.5 



3.3max. 



Parts area 



6.0max. 



( cenler J 



Fig. 2 External dimension 
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Fig. 3 Block diagram 
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Fig. 4 Power supply 
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A 



02 



D3 



DA 



M 



FLM 



-X10O- 



• X200- 



-X200- 



FLM 

IReduclionl 



150 nsmin. 



2«s.min, 



T = 0.14±0.01ms 



XI 



X10I 



XI 



-X101 



lOOxT 



JUlMflT 



X2 



X102 ■ 



X2 



■ X102 



4*- 300ns max. 
• — 1 00ns min. 



Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


CL2 cycle time 


X CYC 


400 


_ 




ns 


CL2 pulse width (H) 


tCWH 


150 








ns 


CL2 pulse width (L) 


tCWL 


150 








ns 


CL1 set up time (1 ) 


tSCLI 


150 







ns 


CL1 set up time (2) 


IHCL1 


150 








ns 


Clock rise/fall time 


tr.tf 






30 


ns 


Data set up time 


tDSU 


100 






ns 


Data hold time 


*DH 


100 






ns 


CL1 delay time 


tCL 


150 






ns 


M delay time 


*CM 






300 


ns 


FLM set up time 


tFS 


100 






ns 


FLM hold time 


tFH 


100 






ns 
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■ 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- 
play 

> Attachable controller LSI : MSM6255GSK or MSM6265GSK 

MECHANICAL DATA (Nominal dimensions) 

Module size 270W x 1 10H x 1 1 .5T (max.) mm 

Effective display area 242W x 69H mm 

Number of dots 480W x 128H dot 

Dot size 0.43W x 0.43H mm 

Dot pitch 0.48Wx 0.48H mm 

Weight about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vqd — Vss) 6.5 V 

Power supply for LCD drive (V D d - V E e) ■ 22 V 

Input voltage (Vi) V ss Vdd v 

Operating temperature (Ta) 40°C 

Storage temperature (Tstg) -20 60°C 

ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vdd = 5.0 V ±0.25 V, 
V EE = -14.5 V ±0.5 V 

Input "high" voltage (Vm ) 0.8 x VddV min - 

Input "low" voltage (V| L ) 0.2xV DD Vmax. 

Clock frequency (f CL2 ) 1.00 MHz min. 

1.07 MHz typ. 

1.15MHz max. 

Power supply current (Idd> 10mAtyp. 

Oee> 8mAtyp. 

(D,, D 2 = GND) (f CL 2 = 1 07 MHz) (V D d - V = 15.8V) 
(D 3 , D 4 = GND) 
Power supply for LCD drive (Recommended) (V D d - V ) 

Duty = 1/128 

Ta = 0°C 17.1 V typ. 

Ta = 25°C 15.8 V typ. 

Ta = 40°C 14.6 V typ. 



OPTICAL DATA See page 1 1 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


DO 


H/L 


Serial row data 


2 


D1 


H/L 


Serial row data 


3 


FRAME 


H 


Frame frequency (Indicating the 
beginning of each display cycle) 


4 


N.C 






5 


LOAD 


H/L 


The CL1 latches the serial data in 
the shift registers 


6 


CP 


H/L 


Clock signal for shifting the serial 
data 


7 


D2 


H/L 


Serial row data 


8 


D3 


H/L 


Serial row data 


9 


VDD 




Power supply for logic circuit 


10 


v S s 




Ground 


11 


vee 




Power supply for LC driving 


12 


vo 




Operating voltage for LC driving 


13 


ECLK 


H/L 


Enable clock 


14 


N.C 






15 


N.C 







230.35(480dou 



Unit: mm 



0.05 



= zfcon 
□□□□ 

i 

]□□□□ 



□□ 

DC 

□d 
□□ 



Fig. 1 Display pattern 



Unit: mm 








230.35±IU 



J. 



Fig. 2 External dimension 
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Fig. 3 Correspondence of display with data 







FRAME 
LOAD 



Vdo 



Vss (GND) 
Vee 



ECLK 



Do 

I 

Dj 



Timer 
Controller 



LC 
Drive 
Voltase 



1 

IC1 



IC2 





XI 






X64 








128dotX480dot LCD 




X65 
i 






i 

X128 






Yl Y80 


Y81 Y120 Y321 Y400 Y401 Y480 



IC3 



if J__i 





IC4 




IC7. 





5 



IC8 



Fig. 4 Block diagram 
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Fig. 5 Power supply 
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Notes 1. When using control LSI MSM625 5GSK. 

2. There is CP pulse interrupting time of sixteen pulses between CP (120) and CP (1). 

Fig. 6 Interface timing 



TIMING CHARACTERISTICS (V D D = 5V ±10%, Ta = -20 ~ +85°C, CL = 15uF) 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


"H", "L" delay time 


tPLH 
tPHL 








200 


ns 


Maximum clock frequency 


f CP 


DUTY = 50% 






1.3 


MHz 


CP ECLK pulse width 


tw 




125 






ns 


LOAD pulse width 


<W (L) 




125 






ns 


Set up time 


tselup 










ns 


CP -* LOAD time 


tCL 




250 






ns 


LOAD ->CP time 


*LC 











ns 


Hold time 


thold 




100 






ns 


Rise, fall time 


tf 
tf 








50 


ns 


LOAD rise, fall time 


*r (L) 
tf (L) 








1 


MS 


CP ECLK time 


tCE 











ns 


ECLK ->CP time 


tec 




150 






ns 
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Fig. 7 Interface timing 
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■ 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI : MSM6255GSKor MSM6265GSK 
MECHANICAL DATA (Nominal dimensions) 

Module size 270W x 149H x 13.0T (max.) mm 

Effective display area 2CI9W x 104H mm 

Number of dots 640W x 200H dot 

Dot size 0.32W x 0.46H mm 

Dot pitch 0.35W x 0.49H mm 

Weight about 450 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd) 6.5 V 

Power supply for LCD drive (V D d - Vee) - 22 V 
Input voltage (Vi) (Note 1) -0.3 v DD +o.3V 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ±0.25 V, 
V EE = -14.5 V ±0.5 V 

Input "high" voltage (V| H ) (Note 1) . 0.8 x V D d ~V D dV 
Input "low" voltage (V, L ) (Note 1 ) .... ~ 0.2 x V D d V 

Power supply current (loD)(Note4) 5 mA typ. 

(I EE ) (Note 4) 4 mA typ. 

Frame frequency (f frame) 70 Hz min. 

75 Hz typ. 
80 Hz max. 

Input capacitance (C in ) (f C p = 1 MHz) 150 pF typ. 

Power supply for LCD drive (Recommended) (Vdd _ v o) 
(Note 5) Duty = 1/100 

Ta= 0°C 16.0 V typ. 

Ta = 25°C 15.0 V typ. 

Ta = 40°C 14.0 V typ. 



OPTICAL DATA See page 1 1 

Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UD0 ~ UD3, 
LD0 ~ LD3. 

2. When operated at maximum temperature, the display may 
change into blue color. 

It is recommended to use it between 0°C and 40° C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

4. When viewing angle is 25° . 

5. In case of V D D = +5V - V DD - v = 15V, DF = 75 Hz, 
UD0 ~ UD3 = V ss and LD0 ~ LD3 = V ss . 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 ~ 4 


UD0 - UD3 


H/L 


Data (upper half) 


5 


ECLK 


H 


Chip enable clock 


6 


FRAME 


H 


Frame frequency (Indicating the 
beginning of each display cycle) 


7 


DF 


H/L 


Control signal for AC driving 


8 


LOAD 


H -> L 


Data latch 


9 


CP 


H -+L 


Data shift 


10 ~ 13 


LD0 - LD3 


H/L 


Data (lower half) 


14 


v D d 




Power supply for logic circuit 


15 


v S s 




Ground 


16 


vee 




Power supply for LC driving 


17 


v 




Operating voltage for LC driving 



ZLXTDCT 



□□□□□ 



□□□□ 



Y640 1 

□ x ; 



□ xioo 

□ xioi 



□ X200 
Y1280 



Fig. 1 Display pattern 



Unit: mm 
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l.d + 0.5 



in in 

+1 



(7.52 



0.5 



270 ±0.4 



268 + 0.3 



239 ±0.3 



223.97 + 0.1 



180 + 0.3 



ft 

Viewing direct inn 



131.0+0.3 



-+sr"~- 



17-01.0 




jtOT 

. I I pitch \ 





4-R1.75 



g^ rvi. / .) 



4-R1.0max. 



131.010.3 



Unit: mm 



13.0max 



5.2 + 0.3 




1.610.2 



*1 Recommendable connector: HONDA, FFC17T1 LAMEP1 or the equivalent. 
*2 This part should not be used for interface. Don't connect any signal or power 
supply. Use pin No. 1 ~ 17. 



Fig. 2 External dimension 
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1 —| IC12 
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O80 
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O80 


01 


DF 
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EL 
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O80 
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EL 
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DF 



01 



IC20 
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| Interface timing circuit 



Fig. 3 Block diagram 
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LM236SB 


Vss 

v.. 






- +5V 












/ * - 


L 1 
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Vkk 






-14.5V 




















Fig. 4 Power supply 


* VR: lOkft ~ 20kn 



LOAD 



ECLK 



CP 



UD0-UD3 



LDO — LD3 



0.125msST£0.14ms 



160 



X100 



1 \2 20 



T 176 *i 



X200 



— 



DF 



FRAME. 

I Reduction! 



DF- 



XI 



1 



-//- 



157 158 159 160\ 



X2 



X102 





yi fi_v/— rv " — " 










i 3.3usmin. 


— 


i" 


IL_ 




*1 When using control LSI MSM6255GSK. 
*2 There is CP pulse interrupting time of sixteen pulse between 
CP (160) and CP (1). 
Fig. 5 Interface timing 
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TIMING CHARACTERISTICS 



(VDD = 5V ±10%, Ta =■ -20 ~+85°C, CL= 15;uF) 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 




tPLH 
tPHL 








200 


ns 


Frequency of maximum clock 


f CP 


DUTY = 50% 




_ 


1.41 


MHz 


CP ECLK pulse width 


t w 


— 


1 25 


— 


— 


ns 


LOAD pulse width 


(L) 




125 






ns 


Set up time 


%6tUp 




100 




_ 


ns 


CP -»• LOAD time 


tCL 





250 








ns 


LOAD -+CP time 


tLC 











ns 


Hold time 


thold 




100 






ns 


Rise, Fall time 


tr 
tf 








50 


ns 


LOAD rise, fall time 


tf (L) 
*f (L) 








1 


US 


CP ECLK time 


tee 











ns 


ECLK ->CP time 


'EC 




150 






ns 








Fig. 6 Interface timing 
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LM585S 



■ 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis- 
play 

■ Attachable controller LSI : MSM6255GSK or MSM6265GSK 
MECHANICAL DATA (Nominal dimensions) 

Module size 260W x 195H x 12.5T (max.) mm 

Effective display area 220W x 166H mm 

Number of dots 640W x 200H dot 

Dot size 0.29W x 0.74H mm 

Dot pitch 0.32W x 0.77H mm 

Weight about 540 g 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Vqq) 6.5 V 

Power supply for LCD drive (Vdd - V E e) ■ • • 22 V 

Input voltage (Vi) (Note 1) -0.3v DD +o.3v 

Operating temperature (Ta) (Note 2) 50°C 

Storage temperature (Tstg) (Note 3) -20 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ±0.25 V, 
Vdd - Vee = 19.5 V ±0.5 V 

Input "high" voltage (Vm) 0.8 x VqqV min. 

Input "low" voltage (V| L ) 0.2 x VqdV max. 

Power supply current (l DD )(Note4) 5 mA typ. 

(l EE )(Note4) 4 mA typ. 

Frame frequency (f frame) 70 Hz min. 

75 Hz typ. 
80 Hz max. 

Input capacitance (C, n ) (fcp = 1 MHz) ..... 150 pF typ. 
Power supply for LCD drive (Recommended) (V DD - V ) 
(Note 5) Duty = 1/100 

Ta= 0°C 16.0 V typ. 

Ta = 25°C 15.0 V typ. 

Ta = 40°C 14.0 V typ. 





OPTICAL DATA See page 1 1 

Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UD0 ~ UD3, 
LD0 ~ LD3. 

2. When operated at maximum temperature, the display may 
change into blue color. 

It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini- 
mum temperature. 

4. When viewing angle is 25° C. 

5. In case of V DD = +5V, Vqd - V = 15V, DF = 75 Hz, 
UDO ~ UD3 = 0V and LD0 ~ LD3 = 0V. 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 -4 


UDO ~ UD3 


H/L 


Data (upper half) 


5 


ECLK 


H 


Chip enable clock 


6 


FRAME 


H 


Frame frequency (Indicating the 
beginning of each display cycle) 


7 


DF 


H/L 


Control signal for AC driving 


8 


LOAD 


H ^L 


Data latch 


9 


CP 


H -> L 


Data shift 


10-13 


LD0 ~ LD3 


H/L 


Data (lower half) 


14 


vdd 




Power supply for logic circuit 


15 


v S s 




Ground 


16 


vee 




Power supply for LC driving 


17 


v 




Operating voltage for LC driving 


18 


N.C 







Unit: mm 



204.77 + 0.1 




Note: Tolerance for dimensions not especially specified: ±0.1 mm 
Fig. 1 Detail of dot pattern 



HITACHI 



71 



Unit: mm 



260.0 + 0.5 




Parts area 



; Whichever can be used as interface. 



Fig. 2 External dimension 




UD0-UD3 



* Interface timing circuit 



Fig. 3 Block diagram 
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LM585S 


Vss 




v„ 




Vkk 



+ 5V 



It 



VR 



14.5V * VR: 20kn ~ SOkn 



Fig. 4 Power supply 
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XI 



X101 



-//- 
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rLTLTLTLr 



X2 
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DF- 



* There is CP pulse interrupting time of sixteen 
pulse between CP (160) and CP (1). 



Fig. 5 Interface timing 



HITACHI 



73 



TIMING CHARACTERISTICS 



(VDD = 5V ±.10%, Ta = -20 ~+85°C, CL= 15mF) 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


H , L delay time 


tPLH 
tPHL 








zuu 


ns 


Frequency of maximum clock 


f CP 


DUTY = 50% 






1.41 


MHz 


CP ECLK pulse width 


t w 


- 


125 


- 


- 


ns 


1 OAH dljKp width 

L vrMJ pUISC VVIUUI 






1 25 






ns 


Cat i in ♦ 1 r-v-» rs 

ocx up Illllc 


T setup 




1 oo 






ns 


PP — 1 OAn timo 
lj" t LUAU Illllc 


T CL 




250 






ns 


LOAD ->CP time 


*LC 











ns 


Hold time 




thold 




100 






ns 


Rise, Fall time 


tr 
tf 








50 


ns 


LOAD rise, fall time 


tr (L) 
tf (L) 








1 


/us 


CP -> ECLK time 


tCE 











ns 


ECLK -*CP time 


tEC 




150 






ns " 



CP 

UD0 — UD3- 
LD0-LD3 - 



tw 



1 ( 0.8VDD 



0.8Vn 



\ 



tw 



0.2Vdd 



thold 



X0.8Vim 0.8 ^r/ 
0-2Vn» V ""A 







tw 



tel. 



tCF. 



0.8Vnn 
2V,,,, 



trlLl t.i-ioo 



LOAD 



0.8V„A , 

\o.2V»L, 



^0.8V,„, 
■A0.2Vi,n 



tEC 



thold 



0.8V, 



DF 



FRAME 



0.8VDD 

.2Vdd 



0.8V on 



t,„, 



\o.2Vdd 



thold 



0.2 
Vdd 



— 



tin.. 



tLC 



0.2Vud 



0.2 
Vm, 



tl'LH 



tl'HL 



0.8Vun 
0.2Vdd 



thold 



>48V„„ O.SV,,^-/ 
\0.2Vi>n 0.2Vt„, ;\ 



Fig. 6 Interface timing 



74 



HITACHI 



LCD MODULE WITH BUILT-IN 
CONTROLLER LSI 



This is a dot matrix LCD module containing the controller 
LSI HD44780 (LCD-H) for character display. Functions such 
as control, refresh, and display are operated by the built-in 
controller LSI, HD44780 (LCD-H). 

This LCD module can display 160 type J IS characters and 
symbols and 32 type special characters and symbols. This LCD 
module can be interfaced to the 4-bit or 8-bit MPU, so the 
character display and the display shift can be easily operated 
by using control commands. This LCD module also contains 
the character generator RAM, hence user's patterns can be 
displayed. 



Controller LSI HD44780 (LCD-U) 






LM054 


(8 x 1 line) 


LM058 


(40 x 1 line) 


H2570 


(16 x 1 line) 


LM052L 


(16 x 2 lines) 


LM015 


(16 x 1 line) 


LM016L 


(16 x 2 lines) 


LM568AF 


(16x1 line) 


LM032L 


(20 x 2 lines) 


LM020L 


(16 x 1 line) 


LM060L 


(24 x 2 lines) 


LM070L 


(20 x 1 line) 


LM017L 


(32 x 2 lines) 


LM038 


(20 x 1 line) 


LM018L 


(40 x 2 lines) 


LM027 


(24 x 1 line) 


LM041L 


(16 x 4 lines) 


H2571 


(32 x 1 line) 


LM044L 


(20 x 4 lines) 


H2572 


(40 x 1 line) 








LM054 



■ 8 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5 V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 84W x 44H x 12D (max.) mm 

Effective display area 61 W x 15.8H mm 

Character size (5x7 dots) 6.45W x 9.4H mm 

Character pitch 7.15 mm 

Dot size 1 .25W x 1 .3H mm 

Weight about 25 g 



INTERNAL PIN CONNECTION 



ABSOLUTE MAXIMUM RATINGS min. 

Power supply for logic (Vdq— Vss) 

Power supply for LCD drive (Vdd - Vq) 

Input voltage (Vi) V ss 

Operating temperature (Ta) 

Storage temperature (Tstg) 



max. 

7.0 V 
13.5 V 
V DD V 

50°C 

70°C 



ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi|_) 0.6 V max. 

Output high voltage (V h) (-'oh = °- 2 mA) . 2.4 V min. 
Output low voltage (Vol) ('ol = 1 - 2 mA ) ... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) .. 1.0mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (Vdd - Vq) 

Duty = 1/8 

Ta= 0°C 4.2 V typ. 

Ta = 25°C 3.7 V typ. 

Ta = 50°C 3.2 V typ. 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 


Power supply 


2 


Vdd 


- 


+5V 


3 


Vo 


- 




4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module ^MPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H->L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB„ ~DB, . 



OPTICAL DATA See page 1 1 



Unit: mm 

84.0 ±1.0 I 




*IC height 

Fig. 1 External dimension 
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1.25 



7.15 



6.45 



0.05 



□□□□ 

mr 
□□□c 

□□□c 

JOUO 

□□□□ 



□□□□□ 
□□□□□ 



Unit : mm 



Fig. 2 Display pattern 
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LC M 
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Vdd- Vo 



( + 5V) 



VR 



_ Vdd 



Vdd-Vo : LCD drivin & voltage 
VR: 10kfl~20kn 



Fig. 4 Power supply 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


tcyc 


Fig. 5, Fig. 6 


1.0 


- 


— 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 




Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


( DDR 


Fig. 6 






320 


ns 


Data set up time 


tDSW 


Fig. 5 


195 






ns 


Hold time 


tM 


Fig. 5, Fig. 6 


20 






ns 



RS 



"X"- v 

It 



DC 



j ' IMiV 



A 



UB.-UH; 



Valid llau / ~~ X 

A A • 



Fig. 5 Interface timing (data write) 



R'W 



X 



2.2V 
0.6V 



1W 
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7- 
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DC 



Fig. 6 Interface timing (data read) 
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■ 16 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 80W x 36H x 12D (max) mm 

Effective display area 64. 5W x 13.8H mm 

Character size (5x10 dots) 3.1 5W x 7.9H mm 

Character pitch 3.75 mm 

Dot size 0.55Wx0.7Hmm 

Weight about 25g 

ABSOLUTE MAXIMUM RATINGS m j n . max. 

Power supply for logic (V DD -V SS ) ... 7.0 V 

Power supply for LCD drive (V DD -V ) . 13.5 V 

Input voltag (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTRISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output high voltage (V OH ) (-l OH = 0.2 mA) . . 2.4 V min. 
Output low voltage (V OL ) (l OL = 1.6 mA) .... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) . . 0.5 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/8 Duty = 1/11 

Ta = 0°C 3.95 4.15 V typ. 

Ta = 25°C 3.7 3.8 V typ. 

Ta = 50°C 3.3 3.3 V typ. 

OPTICAL DATA Seepage 11 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 


Vdd 


— 


+5V 


Power supply 


3 


v o 









4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-*MPU) 
L: Data write (LCD module-HvlPU) 


6 


E 


H, H-*L 


Enable signal 


7 


DB0 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 








DB3 


H/L 


Data bus line 




11 


DB4 


H/L 


Note (1), (2) 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2 -operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 1 . 





□□□IX 


Unit: mm 








0.55 
0.65 


□□□□□ 

XDLT 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 


: - 
oo 




3.15 






Fig. 


1 Display pattern 





2.5+11.5 
3.5 + 0.5 



1 1 > - fceBegog^BBqpg— |g 



73.5±0.3 



14- #1.0 



oo: 



-2.5 ±0.5 59.4 ±0.2 



64.5 ±0.3 



Unit : mm 




4 -#2.5 




*IC height 



Fig. 2 External dimensions 
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R/W - 
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DBO 
I 
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Vl}D 
ft 

Vss 



LCD II 



LCD 



40 



-N 



— — — — 

Fig. 3 Block diagram 



_J 
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LCM 


V'o 




Vss 



1 + 5V! 



VR -±- rm 



T V DD -V : LCD driving voltage 
VR: 10kn~20kn 
Fig. 4 Power supply 



TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


*cyc 


Fig. 5, Fig. 6 


1.0 






MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr- <Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


l DDR 


Fig. 6 






320 


ns 


Data set up time 


l DSW 


Fig. 5 


195 






ns 


Hold time 


tH 


Fig. 5, Fig. 6 


20 






ns 



RS 



1 



i.t\ 
uiiV 



IX" 



E 


/ 








n.liV 


It:. 






DBo-DB, 


. 2.2V 
n.HV 
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XML 



Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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■ 16 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151 ). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 80W x 36H x 12D (max) mm 

Effective display area 64.5W x 13.8H mm 

Character size (5x7 dots) 3.1 5W x 5.5H mm 

Character pitch 3.75 mm 

Dot size 0.55W x 0.7H mm 

Weight about 25 g 



INTERNAL PIN CONNECTION 



ABSOLUTE MAXIMUM RATINGS 

Power supply for logic (V DD — V ss ) 
Power supply for LCD drive (V DD - 

Input voltage (Vi) 

Operating temperature (Ta) .... 
Storage temperature (Tstg) 



mm. 



Vss 


-20 



max. 

7.0 V 
13.5 V 
V DD V 
50° C 
70° C 



ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0V ± 0.25 V 

Input "high" voltage (Vi H ) ... 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output high voltage (V OH ) (-l OH = 0-2 mA) . . 2.4 V min. 
Output low voltage (V OL ) ( l OL = 1 .6 m A) .... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) . . 0.5 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) <V DD — V Q ) 

Duty = 1/8 

Ta = 0°C 3.95 V typ. 

Ta = 25°C 3.7 V typ. 

Ta = 50°C 3.3 V typ. 



Pin No. 


Symbol 


Level 


Function 


1 


V SS 


~ 


OV 


Power supply 


2 


V D D 




+5V 


3 


Vo 






4 


RS 


H L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module^-MPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H-»L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2 -operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB H ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB„ ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 



OPTICAL DATA 



See page 1 1 
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Fig. 1 Display pattern 
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Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 




Max. 


Unit 


Enable cycle time 


tcyc 


Fig. 5, Fig. 6 


1.0 




— 




Enable pulse width 




P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


*Er. *Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


*AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 




Fig. 5, Fig. 6 


20 
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Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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■ 16 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 122W x 33H x 12.0T (max.) mm 

Effective display area 99W x 13H mm 

Character size (5x7 dots) 4.84W x 8.06H mm 

Character pitch 6.0 mm 

Dot size 0.92W x 1.1H mm 

Weight about 50 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD -V SS ) ... 7.0 V 

Power supply for LCD drive (V DD -V Q ) . 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output high voltage (V OH ) (-I h = °- 2 mA) . . 2.4 V min. 
Output low voltage (V OL ) (Iql = 1-2 mA) .... 0.4 V max. 
Power supply current (I DD ) (V DD =5.0V) . . LOmAtyp. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (v DD -V ) 

Duty = 1/8 

Ta = 0°C 4.1 Vtyp. 

Ta = 25° C 3.9 V typ. 

Ta = 50°C 3.7 Vtyp. 

OPTICAL DATA Seepage 11 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 


Power supply 


2 


V D D 




+5V 


3 


Vo 






4 


RS 


H 1 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-HVIPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H->-L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1). (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 



Unit: mm 



□ □□I 

□ □□□ 
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□□□□ 
□OH 
□□□□ 
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Fig. 1 Display pattern 
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Unit: mm 




Fig. 2 External dimension 




Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


l cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


<Er. *Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


'as 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


tDDR 


Fig. 6 






320 


ns 


Data set up time 




Fig. 5 


195 






ns 


Hold time 


tw 


Fig. 5, Fig. 6 


20 






ns 



RS 



DB.-DB; 



1 



2.2V 
0.6V 



2.2V 
11.6V 



0.6V \ 



Fig. 5 Interface timing (data write) 
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■ 16 character x 1 line 

■ Controller LSI HD44780 is built-in (seepage 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 80W x 36H x 12T (max.) mm 

Effective display area . . . .' 64.5W x 13.8H mm 

Character size (5x7 dots) 3.07W x 5.73H mm 

Characrer pitch 3.77 mm 

Dot size 0.55W x 0.75H mm 

Weight about 25 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd — Vss) 7.0 V 

Power supply for LCD drive (V DD -V ) 13.5 V 

Input voltage (Vi) Vss Vqd V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi|_) 0.6 V max. 

Output high voltage (V h) Moh = 02 mA > ■ 24 v min - 
Output low voltage (Vol) Col = 1 2 mA) . . . 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) . . LOmAtyp. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (Vdd~Vo) 

Duty = 1/16 



Ta= 0°C 4.6Vtyp. 

Ta = 25°C 4.4Vtyp. 

Ta = 50*C 4.2Vtyp. 



OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 







OV 


Power supply 


2 


V DD 




+ 5V 


3 








A 
H 


D C 

no 


H/L 


L: Instruction code input 
H: Data input 


5 


R7W 


H/L 


H: Data read (LCD module^MPU) 
L: Data write (LCD module <_ MPU) 


6 


E 


H, H^L 


Enable signal 


7 


D80 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


g 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~ DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB„~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB — DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 
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Unit : mm 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


l cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr.tEf 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


tDDR 


Fig. 6 






320 


ns 


Data set up time 


tosw 


Fig. 5 


195 






ns 


Hold time 


tH 


Fig. 5, Fig. 6 


20 






ns 
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Fig. 5 Interface timing (data write) 
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■ 20 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 105W x 39H x 1 1T (max.) mm 

Effective display area 84W x 13.0H mm 

Character size (5x7 dots) 3.2W x 5.2H mm 

Character pitch 3.9 mm 

Dot size 0.6W x 0.7H mm 

Weight about 50 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd- v Ss) 6.5 V 

Power supply for LCD drive (V DD -V ) 6.5 V 

Input voltage (Vi) Vss Vqd V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage ( Vi(_) 0.6 V max. 

Output high voltage (V h) (-'oh = 0.2 mA) . 2.4 V min. 
Output low voltage (V |_ ) ( 'ol = 1 2 m A > • • • 0.4 V max. 
Power supply current Odd) < V DD = 5 V) ■ ■ 2 mA tyP- 

3.0 mA max. 

Power supply for LCD drive (Recommended) (Vdd-Vo> 

Duty = 1/8 

Ta= 0°C 3.95 Vtyp. 

Ta = 25°C 3.70 Vtyp. 

Ta = 50°C 3.30 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 


v DD 


- 


+5V 


Power supply 


3 


Vo 


— 






4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module^MPU) 
L: Data write (LCD module ■HVIPU) 


6 


E 


H, H^L 


Enable signal 


7 


DB0 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 






10 


DB3 


H/L 


Data bus line 
Note (1). (2) 


11 


DB4 


H/L 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 
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Fig. 1 Display pattern 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


*cyc 


Fig. 5, Fig. 6 


1.0 


— 


— 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


'Er^Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


*AE. 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


l DSW 


Fig. 5 


195 






ns 


Hold time 


tM 


Fig. 5, Fig. 6 


20 






ns 



RS 



R/W 



DBo-DBi 



2V 
6V 



:...:V N / 



tAS 



lE, 



PWeh 



/2.2V 
0.6V 



2.2V 
0.6V 



tDSU 



o^v)( 



Valid Data 



X 



2.2V 
0.6V 



tcrc 



Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 



/0.6V 



92 



HITACHI 



LM038 



■ 20 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 182W x 35.5H(max.) x 13D (max.) mm 

Effective display area 154.0W x 15.3H mm 

Character size (5x7 dots) 6.7W x 9.4H mm 

Character pitch 7.4 mm 

Dot size 1.3W x 1.3H mm 

Weight . about 65 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD —Vss) 7.0 V 

Power supply for LCD drive (V DD -V ) 13.5 V 

Input voltage (Vi) Vss Vdd V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output high voltage (V h) (-!oh = 0.2 mA) . 2.4 V min. 
Output low voltage (Vol) doL = 12 mA ) • ■ ■ 0.4 V max. 
Power supply current Odd) < v DD = 5.0 V) . . 2.0 mA typ. 

5.0 mA max. 

Power supply for LCD drive (Recommended) (V D d- v o) 

Duty = 1/8 

Ta = 0°C 4.1 V typ. 

Ta = 25°C 3.7 V typ. 

Ta = 50°C 3.1V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 


Power supply 


2 


Vdd 


- 


+5V 


3 


Vo 


- 




4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-HvlPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H-»L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB„~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 
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Fig. 1 Display pattern 



HITACHI 



93 




U #1.(1 



okj 

2 1 



Unit: mm 



Fig. 2 External dimension 
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Fig. 3 Power supply 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 




Fig. 5, Fig. 6 


1.0 






MS 


Enable pulse width 


P wEEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEf. ffef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


tDSW 


Fig. 5 


195 






ns 


Hold time 


tM 


Fig. 5, Fig. 6 


20 






ns 



— 



RS 



R/W 



- 2.2V 


2.2V ^ 


t 0.6V 


0.6V ; 



tAS 



\o-6V 



DBo~DB; 



to 



PWF.H 



/.2.2V 
/ 0.6V 




2.2V 
0.6V 




2.2V' 
6V, 



tBSV 



0.6V 



IK, 



lH 



Valid Data 



K2.2V 
0.6V 



tCYC 



Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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■ 24 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions] 

Module size 126Wx36Hx12T (max.) mm 

Effective display area 100W x 13.8H mm 

Character size (5 x 10 dots) 3.1 5W x 7.9H mm 

Character pitch 3.75 mm 

Dot size 0.55W x 0.7H mm 

Weight about 40 g 



INTERNAL PIN CONNECTION 



ABSOLUTE MAXIMUM RATINGS 

Power supply for logic (V DD -V SS ) 
Power supply for LCD drive (V DD - 
Input voltage (Vi) 



mm. 
. .0 



V ) 



. . 
■Vss 



max. 
7.0 V 
13.5 V 



'DD 



V 



Operating temperature (Ta) 

Storage temperature (Tstg) -20 



50" C 
70° C 



ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output high voltage (V OH ) (-I O h = 0.2 mA) . . 2.4 V min. 
Output low voltage (V OL ) Ool = 1 -2 mA) .... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) .. 1.0 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/8 Duty = 1/11 

Ta = 0°C 4.0 4.2Vtyp. 

Ta = 25°C 3.7 3.8 V typ. 

Ta = 50°C 3.3 3.3 V typ. 

OPTICAL DATA See page 1 1 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 


Power supply 


2 


V D D 




+5V 


3 


Vo 






4 


RS 


H L. 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-HVIPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H^L 


Enable signal 


7 


DBO 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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Fig. 4 Power supply 



HITACHI 



97 



TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


l cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


<Er. *Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 


20 






ns 
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Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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■ 32 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size . . 174.5W x 33. OH (max.) x 13.4T (max.) mm 

Effective display are 1 32.5W x 14.0H mm 

Character size (5x 10 dots) 3.15W x 7.9H mm 

Character pitch 3.85 mm 

Dot size 0.55Wx0.7Hmm 

Weight about 60 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD — V ss ) 7.0 V 

Power supply for LCD drive (V DD -V ) ... 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) --20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output"high"voltage (V OH ) (-l OH = 0.2mA) . . 2.4 V min. 
Output"low"voltage (V OL ) (l OL = 1.2 mA) ... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) .. 1.0 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V Q ) 

Duty =1/8 Duty = 1/11 

Ta = 0°C 3.95 4.15V typ. 

Ta = 25°C 3.7 3.8Vtyp. 

Ta = 50° C 3.3 3.3 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


_ 


OV 


Power supply 


2 


V D D 


_ 


+5V 


3 








4 




U /I 

H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-MvlPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H-+L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


g 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 
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Unit: mm 



156.ll±*>.3 




Fig. 2 External dimensions 






Fig. 3 Block diagram 
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Fig. 4 Power supply 



100 



HITACHI 



TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


*cyc 


Fig. 5, Fig. 6 


1.0 


— 


— 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr.tEf 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


l AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 


20 






ns 



DB.-DB. 
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Fig. 5 Interface timing (data write) 
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■ 40 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size .... 182W x 35.5H (max.) x 13T (max.) mm 

Effective display area 154.0W x 15.3H mm 

Character size (5x10 dots) 3.15W x 7.9H mm 

Character pitch 3.75 mm 

Dot size 0.55W x 0.7H mm 

Weight about 65 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD -V SS ) 7.0 V 

Power supply for LCD drive 

(V DD -V ) 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25° C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output"high"voltage (V OH ) (-l OH =0.2mA> . . . 2.4 V min. 
Output"low"voltage (V OL ) (l OL = 1.6 mA) .... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) .. LOmAtyp. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V Q ) 

Duty = 1/8 Duty = 1/11 

Ta = 0°C 3.95 4.15 Vtyp. 

Ta = 25°C 3.7 3.8 V typ. 

Ta = 50°C .3.3 3.3 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 


v DD 


- 


+5V 


Power supply 


3 


Vo 


- 






4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-*MPU) 
L: Data write (LCD module-HVlPU) 


6 


E 


H, H-»L 


Enable signal 


7 


DB0 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 






10 


DB3 


H/L 


Data bus line 
Note (1), (2) 


11 


DB4 


H/L 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB„ ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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Fig. 1 Display pattern 
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Unit: mm 




*IC height 



Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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Fig. 4 Power supply 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


tcyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


p wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr.t E f 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


*AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


*DDR 


Fig. 6 






320 


ns 


Data set up time 


tDSW 


Fig. 5 


195 






ns 


Hold time 


*H 


Fig. 5, Fig. 6 


20 
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t 0.6V 


(I.6V 



lAS 



\ 

\ 0.6V 
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Fig. 5 Interface timing (data write) 
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■ 40 character x 1 line 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 290W x 60H x 13.0T (max.) mm 

Effective display area 245W x 19.0H mm 

Character size (5 x 7 dots) 4.82W x 8.18H mm 

Character pitch 5.82 mm 

Dot size 0.9W x 1.1H mm 

Weight about 150 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD -V SS ) 7.0 V 

Power supply for LCD drive 

(V DD -V ) 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vpo = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output"high"voltage (V OH ) (-l OH =0.2mA) . . . 2.4 V min. 
Outputlow'voltage (V OL ) (l OL = 1-2 mA) ... 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) . . 0.5 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/8 

Ta = 0°C 4.3 V typ. 

Ta = 25°C 3.9 V typ. 

Ta = 50°C 3.3 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 


V D D 


— 


+5V 


Power supply 


3 


Vo 








4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-*MPU) 
L: Data write (LCD module-HvlPU) 


6 


E 


H, H->L 


Enable signal 


7 


DBO 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 






10 


DB3 


H/L 


Data bus line 
Note (1), (2) 


hi 


DB4 


H/L 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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Unit: mm 
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Fig. 3 Block diagram 







LCM 


Vo 







Van V„ 




-VOD 



V DD - v O : LCD driving voltage 
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Fig. 4 Power supply 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


l cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


p wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


l Er- *Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


tDDFl 


Fig. 6 






320 


ns 


Data set up time 




*DSW 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 


20 
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Fig. 5 Interface timing (data write) 
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■ 16 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151 ). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 80W x 36H x 1 1T (max.) mm 

Effective display area 64.5W x 13.8H mm 

Character size (5x7 dots) 2.95W x 3.8H mm 

Character pitch 3.65 mm 

Dot size 0.55W x 0.5H mm 

Weight about 25 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD -Vss> 7 v 

Power supply for LCD drive (Vdd~ v o) 13 - 5 v 

Input voltage (Vi) Vss Vdd V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta - 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output 'high" voltage (Voh> (-'oh = 02 mA ) ■ 24 v min - 
Output'low" voltage (V l) doL = 12 mA ) • • ■ 0.4 V max. 
Power supply current (l DD ) (V D d = 5.0 V) . . LOmAtyp. 

3.0 mA max. 

Power supply for LCD drive (Recommended) (Vdd-Vo> 

Duty = 1/16 

Ta= 0°C 4.2Vtyp. 

Ta = 25°C 4.0Vtyp. 

Ta = 50°C 3.6Vtyp. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


— 


OV 


Power supply 


2 


V DD 


— 


+5V 


3 


Vo 






4 


RS 


HI 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-»-MPU) 
L: Data write (LCD module -HVIPU) 


6 


E 


H, H->-L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB. ~DB, . 
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Fig. 1 External dimension 
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Unit: mm 
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Fig. 2 Display pattern 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


'eye 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


p wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr.tEf 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


'DDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 
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■ 16 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 84W x 44H x 12T (max.) mm 

Effective display area 61W x 15.8H mm 

Character size (5x7 dots) 2.96W x 4.86H mm 

Character pitch 3.55 mm 

Dot size 0.56W x 0.66H mm 

Weight about 25 g 



INTERNAL PIN CONNECTION 



ABSOLUTE MAXIMUM RATINGS 

-Vss) 



mm. 
. 



Power supply for logic (V DD 
Power supply for LCD drive 

(v DD -v ) 

Input voltage (Vi) V ss 

Operating temeprature (Ta) 

Storage temperature (Tstg) —20 



max. 
7.0 V 

13.5 V 
V DD V 
50° C 
70° C 



ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 Vmax. 

Output"high"voltage (V OH ) (-l OH = 0.2 mA) . . 2.4 V min. 
Output"low"voltage (V OL ) (l OL = 1.2 mA) .... 0.4 Vmax. 
Power supply current (l DD ) (V DD = 5.0 V) .. 1.0 mA typ. 

3.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V Q ) 

Duty = 1/16 

Ta = 0°C 4.6Vtyp. 

Ta = 25° C 4.4 V typ. 

Ta = 50°C 4.2 V typ. 

OPTICAL DATA See page 1 1 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


— 


OV 


Power supply 


2 


Vqd 


— 


+5V 


3 


v o 


_ 




4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H. Data read (LCD module^-MPU) 
L: Data write (LCD module«-MPU) 


6 


E 


H, H-M- 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1). (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


OB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB„~DB, . 



Unit: mm 
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Fig. 2 External dimensions 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 




Fig. 5, Fig. 6 


1.0 






MS 


- 

Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 




Enable rise/fall time 


l Er. t Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


'AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


•ddr 


Fig. 6 






320 


ns 


Data set up time 


tosw 


Fig. 5 195 






ns 


Hold time 


tH 


Fig. 5, Fig. 6 20 






ns 




tcrc 



Fig. 5 Interface timing (data write) 
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■ 20 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 116W x 39H (max.) x 13T (max.) mm 

Effective display area 83W x 18.6H mm 

Character size (5x7 dots) 3.2W x 4.85H mm 

Character pitch 3.7 mm 

Dot size 0.6W x 0.65H mm 

Weight about 50 g 

ABSOLUTE MAXIMUM RATINGS rnin. max. 

Power supply for logic (V DD — V ss ) 7.0 V 

Power supply for LCD drive 

(V DD -V ) 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output "high" voltage (V OH ) (-l OH =0.2 mA) . 2.4V min. 
Output "low" voltage (V OL ) (Iol = 1 -2 mA) . . 0.4V max. 
Power supply current (l DD ) (V DD = 5.0 V) .. 1.0mA typ. 

3.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/16 

Ta = 0°C 4.6 V typ. 

Ta = 25°C 4.2 V typ. 

Ta = 50°C 3.5 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


— 


OV 


Power supply 


2 


Vod 


— 


+5V 


3 


Vo 







4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-HVIPU) 
L: Data write (LCD module-HVIPU) 


6 


E 


H, H-M- 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

When interface data is 8 bits long, data is transferred using 8 data 
buses of DB„ ~DB, . 



(2) 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


'eye: 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 




Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 




Fig. 5, Fig. 6 


140 






ns 


Data delay time 




Fig. 6 






320 


ns 


Data set up time 


*DSW 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 
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Fig. 5 Interface timing (data write) 




Fig. 6 Interface timing (data read) 
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■ 24 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 116Wx39H (max.) x 13T (max.) mm 

Effective display area 83W x 18.6H mm 

Character size (5x7 dots) 2.7W x 4.85H mm 

Character pitch 3.2 mm 

Dot size 0.5W x 0.65H mm 

Dot pitch 0.55W x 0.7H mm 

Weight about 50 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (V DD —V SS ) .0 7.0 V 

Power supply for LCD drive 

<V DD -V ) 13.5 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50° C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vqq = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi L ) 0.6 V max. 

Output "high" voltage (V OH ) (-I h = 0.2 mA) 2.4 V min. 
Output "low" voltage (V OL ) (l OL = 1-2 mA) . . 0.4 V max. 
Power supply current (l DD ) (V DD = 5.0 V) . . 2.0 mA typ. 

3.0 mA max. 

Power supply for LCD drive (Recommended) (V DD — V Q ) 

Duty = 1/16 

Ta = 0°C 4.6 V typ. 

Ta = 25°C 4.4 V typ. 

Ta = 50°C 3.2 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. Symbol 


Level Function 


1 


Vss 


- 


OV 


Power supply 


2 


V D D 




+5V 


3 


Vo 






4 


RS 


H L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-*MPU) 
L: Data write (LCD module-HvlPU) 


6 


E 


H, H-M_ 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2 -operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB„ ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB, . 




Unit: mm 
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Fig. 1 Display pattern 



$ HITACHI 



1 17 



2.54 



14 13 

O O 14-01.0 

o o. 
oes 
ox> 
do 

2 1 



□0" 
DD. 



13.0max. 



Unit: mm 



4.7-5.1 



U£ 



4.0max. * 



Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


'eye 


Fig. 5, Fig. 6 


1.0 


— 


— 


MS 


Enable pulse width 


P wE.H 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


*&« 1: Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


t AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


*DDR 


Fig. 6 






320 


ns 


Data set up time 


tDSW 


Fig. 5 


195 






ns 


Hold time 


*H 


Fig. 5, Fig. 6 
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Fig. 5 Interface timing (data write) 



^^oev" 



RS 



R/W 



DBo-DB? 




Fig. 6 Interface timing (data read) 



HITACHI 



119 



LM017L 



■ 32 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size . . . 174.5Wx33H (max.) x 13.4T (max.) mm 

Effective display area 141 .19W x 16.75H mm 

Character size (5x7 dots) 3.45W x 4.85H mm 

Character pitch 4.2 mm 

Dot size 0.65W x 0.65H mm 

Weight about 60g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V DD -V ss ) .... 7.0V 

power supply for LCD drive (V DD -V D ) . rj 13.5V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V ±0.25V 

Input "high" voltage (V iH ) 2.2V min. 

Input "low" voltage (V 1L ) 0.6Vmax. 

Output "high" voltage (V OH ) (-l O H = 0-2mA) . 2.4V min. 
Output "low" voltage (V OL ) (l OL =1.2mA) . . . 0.4V max. 
Power supply current (I DD ) ( V DD =5.0V) .. LOmAtyp. 

3.0 mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/16 

Ta=0°C 4.6 V typ. 

Ta=25°C 4.4 V typ. 

Ta=50°C 4.2 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


— 


OV 


Power supply 


2 


Vdd 


- 


+5V 


3 


Vo 


- 




4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module->MPU) 
L: Data write (LCD module -HV1PU) 


6 


E 


H, H-»-L 


Enable signal 


7 


DBO 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~D8 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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Fig. 1 Display pattern 
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Unit: mm 
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Fig. 2 External dimensions 
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Fig. 3 Block diagram 























(+5V) 
















LCM V 




Vdd" Vo 


> VR ~ 










. Vdd 




Vss 














V D n-Vo: LCD driving voltage 










VR: 10kn~ 


20kft 






Fig. 4 


Power supply 







121 



TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


'eye 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr. *Ef 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


tAS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 




tDDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 


tH 


Fig. 5, Fig. 6 
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Fig. 5 Interface timing (data write) 
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■ 40 character x 2 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size .... 182W x 35.5H (max.) x 13T (max.) mm 

Effective display area 154.0W x 15.3H mm 

Character size (5x7 dots) 3.2W x 4.85H mm 

Character pitch 3.7 mm 

Dot size 0.6W x 0.65H mm 

Weight about 65g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V DD — V ss ) 7.0V 

Power supply for LCD drive (V DD -V ) ... . 13.5V 

Input voltage (V|) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V ±0.25V 

Input "high" voltage (V iH ) 2.2V min. 

Input "low" voltage (V iL ) 0.6V max. 

Output "high" voltage (V OH ) (-l OH =0.2mA). . 2.4 V min. 
Output "low" voltage (V OL ) 0oL=1-2mA) . . 0.4 V max. 
Power supply current (l DD ) (V DD =5.0V) . . . LOmAtyp. 

3.0mA max. 

Power supply for LCD drive (Recommended) (V DD — V ) 

Duty = 1/16 

Ta=0°C 4.6 V typ. 

Ta=25°C 4.4 V typ. 

Ta=50°C 4.2 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 


V D D 


- 


+5V 


Power supply 


3 


Vo 


— 






4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module->MPU) 
L: Data write (LCD module -HV1PU) 


6 


E 


H, H->L 


Enable signal 


7 


DB0 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 






10 


DB3 


H/L 


Data bus line 
Note (1), (2) 


11 


DB4 


H/L 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB 7 and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB,~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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2.5 ±0.5 2.54 



□0" 

□□_ 



"□ 

_0 



Unit: mm 



*IC height 



Fig. 2 External dimensions 




Fig. 3 Block diagram 
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L C M 


V 







Vdd- Vo 



(+5VI 



VR 



Vdd 



v DD v O : LCD driving voi 
VR: 10kn~20kn 



Fig. 4 Power supply 
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TIMING CHARACTERISTICS 



Item 


Symbcl 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


*cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P WEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


tEr.tet 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


<AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


*DDR 


Fig. 6 






320 


ns 


Data set up time 


*DSW 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 


20 






ns 



RS 



R/W 



ZX 



2.2V 
0.6V 



tAS 



^ \o.6V 



tEr 



DBo-DB? 



PWeh 



2.2V 
0.6V 



2.2V 
0.6V 



2.2V 
0.6V 



X 



iDSH 







tEJ 



Valid Data 



¥1 



2V 
6V 



tCYC 



0.6V 



Fig. 5 Interface timing (data write) 



RS 
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X 



2.2V 
0.6V 



2.2V 
0.6V 



X 



tAS 



V-2.2N 



E 

DBo-DB? 



PWeh 



2.2V 

tEr 



V 2.2V 
0.6V — \~-tEj 



(DOS 



tH 



^■2V 



yaw 



tH 



^ VaUdData V™ 
0.4V /\ f\0AV 



tcrc 



Fig. 6 Interface timing (data read) 
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■ 16 character x 4 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 87W x 60H x 12T (max.) mm 

Effective display area 61 .8W x 25.2H mm 

Character size (5x7 dots) 2.95W x 4.15H mm 

Character pitch 3.55 mm 

Dot size 0.55W x 0.55H mm 

Weight about 60g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V DD — V ss ) 7.0V 

Power supply for LCD drive (V DD -V ). .. . 13.5V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTRISTICS 

Ta=25°C, V DD =5.0V±0.25V 

Input "high" voltage (V iH ) 2.2V min. 

Input "low" voltage (V iL ) 0.6V max. 

Output "high" voltage (V OH ) (-l OH =0.2mA) . 2.4V mm. 
Output "low" voltage (V OL ) (l OL =1.2mA) . . . 0.4V max. 
Power supply current (l DD ) (V DD =5.0V) ... 1.0mA typ. 

3.0mA max. 

Power supply for LCD drive (Recommended) (V DD -V ) 

Duty = 1/16 

Ta=0°C 4.6 V typ. 

Ta=25°C 4.4 V typ. 

Ta=50°C 4.2 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


Vss 


- 


OV 




2 




- 


+5V 


Power supply 


3 


Vo 


— 






4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module-HVlPU) 
L: Data write (LCD module <-MPU) 


6 


E 


H, H->L 


Enable signal 


7 


DB0 


H/L 






8 


DB1 


H/L 






9 


DB2 


H/L 






10 


DB3 


H/L 


Data bus line 
Note (1), (2) 


11 


DB4 


H/L 


12 


DB5 


H/L 






13 


DB6 


H/L 






14 


DB7 


H/L 







Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB ~DB 7 . 
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□□□□□ 
□□□oa 
□□□□□ 
□□□□□ 
□□□□□ 



-pDDDq 

baaed 
aaaoa 



b_ 

oaarja cr 
□□□□□ 
□□□□□ 
□□□□□ 
□□□□□ 

ggpgg 




JDUO 



2.95 



3.55 



56.2 



Fig. 1 Display pattern 



Unit: mm 



~TJ 
□ 
□ 
□ 
□ 
□ 
□ 

~q 

"Q 



DISPLAY POSITION AND DD RAM ADDRESS 



Character No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1st line 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


8A 


8B 


8C 


8D 


8E 


8F 


2nd line 


CO 


CI 


C2 


C3 


C4 


CB 


C6 


C7 


C8 


C9 


CA 


CB 


cc 


CD 


CE 


CF 


3rd line 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


9A 


98 


9C 


9D 


9E 


9F 


4th line 


DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 


D8 


D9 


DA 


DB 


DC 


DD 


DE 


DF 



Notes : 

(1 ) 80 ~ DF are described in hexidecimal for DD RAM address. 

(2) The set to HD44780 are "N = "1", F = "0" (2 lines 5x7 + cursol)." 

(3) DD RAM address is no series in line. Address set is necessary to 
change the lines. 

(4) Circuit is equal to 32 characters by 2 lines type. 

(5) In case of executing shift, first line and third line are shifted con- 
tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transfered to first line. 
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2.5 + 0.5 



■iy -<>e<H>ee©e€< 




W2.S 1.6±0.2 



1 



4.0max * 



*IC height 



Fig. 2 External dimensions 



Unit: mm 



E • 
R/W- 
RS . 
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TO 





■HI 




HD441IJ4 


* 
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Fig. 3 Block diagram 













Vdd 




(+5V) 
















LCM Vo 




Vdd- Vo 


> VR ~ 








r. Vdd 




Vss 










7777 


V DD -Vo: LCD driving voltage 




Fig. 4 


Power supply 


VR: 10kn~ 
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TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


t cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


*Er.t E f 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


«AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 




Fig. 6 






320 


ns 


Data set up time 




Fig. 5 


195 






ns 


Hold time 


tn 


Fig. 5, Fig. 6 


20 






ns 



RS 



R/W 



DBo-DB? 



2V 
6V 



ivy 



tAS 



N ^Q.6V 



PWeh 



/ 0.6 



2V 
6V 




2.2V 
0.6V 



livV^ 

0-6V/\ 



tpsw 



1H 



/ -0.6V 



It/ 



!« 



Valid Data 



X 



2.2V 
0.6V 



ioc 



Fig. 5 Interface timing (data write) 



0.6V 



RS 



R/W 



UBo-UB? 



X 



2.2V 
0.6V 



7^ 



0.6V / 



2.2V 



0.6V -\ — 



V' 



2.2V 
HI 



:.4V 

0.4V 



tcrc 



Fig. 6 Interface timing (data read) 



128 



HITACHI 



LM044L 



■ 20 character x 4 lines 

■ Controller LSI HD44780 is built-in (see page 151). 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 98W x 60H x 12T(max.)mm 

Effective display area 76.0W x 25.2H mm 

Character size (5 x 7 dots) 2.95W x 4.15H mm 

Character pitch 3.55 mm 

Dot size 0.55W x 0.55H mm 

Weight about 65 g 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vdd — Vss) 7.0 V 

Power supply for LCD drive (V DD -V ) 13.5 V 

Input voltage (Vi) V S s V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) —20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V DD = 5.0 V ± 0.25 V 

Input "high" voltage (Vi H ) 2.2 V min. 

Input "low" voltage (Vi|J 0.6 V max. 

Output "high" voltage (V h) (-'oh = 0.2 mA) 2.4 V min. 
Output "low" voltage (V |_> ('ol = 12 mA > - • 4 v max 
Power supply current (l DD ) (V DD =5.0 V) . . 1.0 mA typ. 

3.5 mA max. 

Power supply for LCD drive (Recommended) (V DD -Vo> 

Duty = 1/16 

Ta = 0°C 4.6 V typ. 

Ta = 25°C 4.4 V typ. 

Ta = 50°C 4.2 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No 


oy 1 1 iuui 




Function 


i 


v ss 




OV 


Power supply 


2 


V DD 




+5V 


3 


Vo 






4 


RS 


H/L 


L: Instruction code input 
H: Data input 


5 


R/W 


H/L 


H: Data read (LCD module->-MPU) 
L: Data write (LCD module<-MPU) 


6 


E 


H, H->-L 


Enable signal 


7 


DB0 


H/L 


Data bus line 
Note (1), (2) 


8 


DB1 


H/L 


9 


DB2 


H/L 


10 


DB3 


H/L 


11 


DB4 


H/L 


12 


DB5 


H/L 


13 


DB6 


H/L 


14 


DB7 


H/L 



Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1 -operation so that it can interface to both 4 and 8 bit MPU's. 

(1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB 4 ~DB, and DB ~DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB 4 ~DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB ~DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB„~DB, . 
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"□□□DD 

□ □□□□ 

□ □□□D 

□ □□□□ 

ODDnn 

□ □□□□ 



Unit: mm 
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DISPLAY POSITION AND DD RAM ADDRESS 



Character No. 


1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1st line 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


8A 


SB 


8C 


8D 


8E 


8F 


90 


91 


92 


93 


2nd line 


CO 


CI 


C2 


C3 


C4" 


C5 


C6 


C7 


ca 


C9 


CA 


C8 


CC 


CD 


CE 


CF 


DO 


D1 


D2 


03 


3rd line 


94 


95 


96 


97 


98 


99 


9 A 


9B 


90 


9D 


96 


9F 


AO 


A1 


A2 


A3 


A4 


A5 


A6 


A7 


4th line 


D4 


D5 


D6 


07 


08 


09 


DA 


DB 


DC 


DD 


DE 


DF 


EG 


El 


E2 


E3 


E4 


E5 


E6 


E7 



Notes: 

(1 ) 80 ~ E7 are described in hexidecimal for DD RAM address. 

(2) The set toHD44780 are "N = "1 ", F = "0" (2 lines 5 x 7 + cursol)." 

(3) DD RAM address is no series in line. Address set is necessary to 
change the lines. 

(4) Circuit is equal to 40 characters by 2 lines type. 

(5) In case of executing shift, first line and third line are shifted con- 
tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transfered to first line. 



Fig. 1 Display pattern 
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Unit: mm 



-<;)- -o o ao oooo e oooo i 



2.54pitch 




4.0max * 



*IC heighl 



Fig. 2 External dimension 
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E 

R W 

RS 
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3 



A 
V 



LCD 



3 



^f 40 ^ ^V^T ^ p<n±. 



KTD44104 



Fig. 3 Block diagram 





(+5V) 








L C M V, 
Vss 




V'do- 9t 


i VR ~ 







-r Vdd 



Fig. 4 Power supply 



V DD -Vo: LCD driving voltage 
VR: 10kn~20kfi 



TIMING CHARACTERISTICS 



Item 


Symbol 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Enable cycle time 


*cyc 


Fig. 5, Fig. 6 


1.0 


- 


- 


MS 


Enable pulse width 


P wEH 


Fig. 5, Fig. 6 


450 






ns 


Enable rise/fall time 


l Er. X E1 


Fig. 5, Fig. 6 






25 


ns 


RS, R/W set up time 


*AS 


Fig. 5, Fig. 6 


140 






ns 


Data delay time 


f DDR 


Fig. 6 






320 


ns 


Data set up time 


'dsw 


Fig. 5 


195 






ns 


Hold time 


t H 


Fig. 5, Fig. 6 


20 






ns 



RS 



R W 



X2.2V 
0^ 



t.AS 



^H.6V 



E 


f | u.b\ 




o-DB? 


2.2 V 
0.6V 







/ -IMiV 



tK, 



2.2V 
0.6V 



\"a 1 id Data 



1.2X 
0.6V 



tcrc 



Fig. 5 Interface timing (data write) 



0.6V 



RS 



R/W 



DB0-DB7 



X 



2.2V 
0.6V 



0.6V ; \ 



0.6V i 



2.2V 

- t£, 



0.6V -»-\ — ■ (£/ 



I DDK 



tH 



^.2V 



^ Va„aUa, a '/^ 
"■■>V/ \ /\i).lV 



(CKC 



Fig. 6 Interface timing (data read) 
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LCD MODULE WITH 
ATTACHABLE CONTROLLER LSI 



This module consists of LCD device, driver LSI, PC board, 
and other parts. 

By attaching the controller LSI HD43160A, numerals, alpha- 
bets, Kana, and symbols can be displayed. 



Controller LSI HD43160AH for LCD Module 
H2532A (16x1 line) 
H2535 (16x2 lines) 
H2538A (40 x 1 line) 
H2539 (40 x 2 lines) 
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CONTROLLER LSI HD43160AH FOR LCD MODULE 



■ Controller with built-in character generator 

■ Applicable type: H2532 ■ H2535 ■ H2538A ■ H2539 

The HD43160AH receives character data written in the ASCII 
code or J IS code from microcomputer and stores them in its 
RAM which has 80 words capacity. 

The HD43160AH converts these data into serial character 
pattern, then transfers them to LCD drivers. 
It also generates other signals for LCD. 



1. CHARACTER DISPLAY 

• Alphanumeric character; A ~ Z, a ~ z, @, #, %, &, etc. 

• Japanese Character (katakana) 

• 160 characters by internal character generator (ROM). 
(Max. 256 characters by external ROM) 

2. CHARACTER DOT PATTERNS 

• 5x7 

The bottom lines of the English small characters "g, i, p, 
q, y," are on the cursor line. 



Character code lower 4 bits (hexadecimal) 



coo c 



,oco_ 



°d 

CO 



coo 
ceo 



3°o° 

CO o 



ccoco 



ooopp 



ceo 



coco 

s 

occo 8 



o 000 
ceo 

coco 



oco 

T 



n 

•ceo 1 



fcooS 
J cco 



JO o 

'co°o 



coo 
cccco 



cocog 



ooceo 



D 

3°°°c 

oco 



°o° 



ccoog 

o° 

8ooco 



c8cco 



3 



ccoco 
ooocn 



o o 



o o 



OCO§D 



n 

3 oco c 



°3 



• 5x11 

Only English small character "g, j, p, q, y," are displayed 
as below, the others are in the same way as that of 5 x 7. 



OTHER FUNCTION CONTROLLED BY 
MICROCOMPUTER 

Display clear 
Cursor ON/OFF 

Cursor position preset (Character position) 
Cursor return 



• Cursor 5 dots: ••••• 

1 dot : • 

The cursor is displayed on the 8th or 12th line. 
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4. BLOCK DIAGRAM 



cso- 

CS1 - 
CS2 - 

CS3 - 

RSO - 
R/W- 



DBO ■ 

I 

DB6 - 
DBt • 

Vcr ■ 
GND • 



3 U 
U 

u a) 

C O 

-I u 



CNO 
CN1 
CN 2 

_L_ 



DLN 



FNTS 



CURS 



ROMS 



Line counter 

Cursor counter 

Character number 
counter 





M 




0) 




u 




01 


M 


■H 


0) 


60 


u 


0) 


a 


M 








0) 


0) 


•a 




o 


5 


o 



RAM 

8 bit 
80 words 



RST — — 
TEST-»- 



Busy 



X0- X7 
Y0- Y3 



ROM 

Character 
generator 
char- 



acters; 



EM 
FLM 
CL! 



|01~05 

i External ■ 



P/S con- 
verter 



ROM I 



l 



! (max. 256}---. J ' 

I charac- | vk 
i_ tersj_ j 



OSC 



CPG 



CL2 



OSC 2 



Rf 



5. The HD43160A is a CMOS LSI developed to control the 
LCD module described below, and contains a character 
generator and character data memory. 
Applied type: H2532A, H2535, H2538A, H2539, H2555, 
and H2568. 

Example of a connection between HD43160AH and LCD 
module. 



Note 1: When CURS " "1", the cursor has a 5 x 1 dot constitution. (■■■■■) 
When CURS = "0", the cursor has a 1 x 1 dot constitution. (□□■□□) 
Note 2: Treatment examples for all types are shown in the table below. 



0: GND 

1 : V DD (+5V) 



■Jl 

a t— FLM 

Note 3 M 

CL1 

CL2 

HD43160AH 



Z = - s. OS 
Z _J z z 2 

u- a u u u cj 



I I I I I I 

« v 

Note 2 | 

z 



FLM 


M 


Liquid Crynal Diipl.y Moduk 


'I. I 


' LCM 


CL2 




D 





TypTNoT~ Jerminal 


FNTS 


DLN 


CNO 


CN1 


CN2 


H2532A 











1 





H2535 





1 








1 


H2538A 








1 





1 


H2539 





1 


1 


1 


1 



The RST terminal is normally at the "1" level. 
When set at the "0" level, oscillation is stopped and DC voltage 
is loaded to the liquid crystal. 
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H2532A 



■ 16 character x 1 line 

■ Attachable controller LSI: HD43160AH (see page 134). 

MECHANICAL DATA (nominal dimensions) 

Module size 84W x 44H x 15T (max) mm 

Effective display area 61Wx15.8Hmm 

Character size (5x7 dots) 2.9W x 5.5H mm 

Character pitch 3.6 mm 

Dot size 0.5Wx0.7Hmm 

Weight about 40 g 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage (V DD -V SS ) 7 V 

(V DD -V EE ) 13.5 V 

Input voltage (CL1 , CL2, D, M, FLM) ... V SS ^V IN <V DD 

Operating temperature (Ta) to 50 C 

Storage temperature (Tstg) -20 to 60° C 

ELECTRICAL CHARACTERISTICS 

Power supplies (V DD -V SS ) +5 +0.25V 

Power supplies (V EE -V SS ) -5 ±0.5 V 

Current consumption +5V 1 mA max. 

-5V 1 mA max. 

Input high voltage 0.7 V D d V min. 

Input low voltage 0.3 V D d V max. 

Power supply for LCD drive (Recommended) (V -V EE ) 

Ta= 0°C 5.3Vtyp. 

Ta = 25°C 4.5Vtyp. 

Ta = 50°C 3.7Vtyp. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving. 


3 


CL1 


H-L 


The CL1 latches the serial data in the 
shift registers. 


4 


D 


H/L 


Serial row data of each character. 


5 


CL2 


H-L 


Clock signal for shifting the serial data. 


6 






Power supply for logic circuit. 


7 


v S s 




Ground. 


8 






Power supply for LC driving. 


9 


v 




Operating voltage for LC driving. 


10 


NC 




No connection. 


Connector: Module side I L-1 0P-S3FP2-1 

Control side I L-10S-S3L-(N) (Housing) 

I L-C2-1 -5000 (Socket contact) 
Made by JAE (Japan) or equivalent 



Unit: ram 



□ □□□□ 

□ □□□□ 

□ □□□□ 

□ □□□□ 



□□□□i 



Fig. 1 Display pattern 



Unit: mm 



m nn 



2M .U 1 



U-«1.0'li..|f ' IV 



Fig. 2 External dimension* 



1.6±0.2 



*P«rts height 
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Vl)D 

Vss 
CL1 
CL2 
M 



V E £- 

FLM- 
D - 







HD44 [Oil 


8 





R: Dividing resistors for LC drive voltage 



X, 

1 




LCD 




X, 


^ >^ 







Fig. 3 Block diagram 



1/iS min 
CL1 



1 



1.56msSTS3.1ms 



juihiinnjuiJi 




Fig. 4 Timing chart 



LC M 



Vdd 



Vo 



Vss 



Vee 



Vo-Vee 



Fig. 5 Power supply 



( + 5V) 



VR 



1 



1 



(-5V) 

v O" v ee : LCD driving voltage 
VR: 10kft~20kn 



HITACHI 



137 



H2535 



■ 16 character x 2 lines 

■ Attachable controller LSI: HD43160AH (see page 134). 

MECHANICAL DATA (Nominal dimensions) 

Module size 84W x 44H x 15T (max) mm 

Effective display area 61 W x 15.8H mm 

Character size (5x7 dots) 2.9W x 4.1 H mm 

Character pitch 3.6 mm 

Dot size 0.5Wx0.5H mm 

Weight about 40 g 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage (V DD -V SS ) 7 V max. 

<V DD -V EE ) 13.5 V max. 

Input voltage (CL1 , CL2, D, M, FLM) ... V SS ^V IN <V DD 

Operating temperature (Ta) to 50°C 

-20 to 60° C 



INTERNAL PIN CONNECTION 



Storage temperature (Tstg) 



ELECTRICAL CHARACTERISTICS 

Power supplies (V DD -V SS ) +5+0.25 V 

(V EE -V SS ) -5+0.5 V 

Current consumption +5V 1 mA max. 

-5V 1 mA max. 

Input high voltage 0.7 V DD V min. 

Input low voltage 0.3 V DD V max. 

Power supply for LCD drive (Recommended) (V Q -V EE ) 

Ta = 0°C 6.7 V typ. 

Ta = 25°C 5.7 V typ. 

Ta = 50°C 4.7 V typ. 

OPTICAL DATA See page 1 1 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving. 


3 


CL1 


H-+L 


The CL1 latches the serial data in the 
shift reqisters. 


4 


D 


H/L 


Serial row data of each character. 


5 


CL2 


H-L 


Clock signal for shifting the serial data. 


6 


V D D 




Power supply for logic circuit. 


7 


Vss 




Ground. 


8 


v EE 




Power supply for LC driving. 


9 


Vo 




Operating voltage for LC driving. 


10 


NC 




No connection. 


Connector: Module side I L-1 0P-S3FP2-1 

Control side I L-1 0S-S3L-(N) (Housing) 

I L-C2-1 -5000 (Socket contact) 
Made by JAE (Japan) 
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Fig. 1 Display pattern 
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Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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Fig. 4 Timing chart 
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■ 40 character x 1 line 

■ Attachable controller LSI : HD43160AH (see page 134). 

MECHANICAL DATA (Nominal dimensions) 

Module size 220W x 50H x 15T (max) mm 

Effective display area 163W x 17H mm 

Character size (5x7 dots) 3.1 5W x 5.5H mm 

Character pitch 3.9 mm 

Dot size 0.55W x 0.7H mm 

Weight about 100 g 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage (V DD -V SS ) 7 V max. 

(Vqd-Vee) 13.5 V max. 

Input voltage (CL1, CL2, D, M, FLM) ... V SS <V 1N <V DD 

Operating temeprature (Ta) to 50°C 

Storage temperature (Tstg) —20 to 60°C 

ELECTRICAL CHARACTERISTICS 

Power supplies (V DD -V SS ) +5±0.25 V 

( V EE -V ss ) -5+0.5 V 

Current consumption +5V 1 mA max. 

-5V 1 mA max. 

Input high voltage 0.7 V DD V min. 

Input low voltage 0.3 V DD V max. 

Power supply for LCD drive (Recommended) (V q -V E e) 

Ta = 0°C 5.3 V typ. 

Ta = 25°C 4.5 V typ. 

Ta = 50°C 3.7 V typ. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving. 


3 


CL1 


H-*L 


The CL1 latches the serial data in the 
shift registers. 


4 


D 


H/L 


Serial row data of each character. 


5 


CL2 


H^L 


Clock signal for shifting the serial data. 


6 


V D D 




Power supply for logic circuit. 


7 


Vss 




Ground. 


8 


v EE 




Power supply for LC driving. 


9 


Vo 




Operating voltage for LC driving. 


10 


NC 




No connection. 


Connector: Module side IL-10P-S3FP2-1 

Control side IL-10S-S3L-IN) (Housing) 

IL-C2-1-5000 (Socket contact) 
Made by JAE (Japan) 
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Fig. 1 Display pattern 
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Fig. 2 External dimensions 



Unit: mm 



<-<3.5 
s 4.0max. * 



*IC height 



140 



HITACHI 



_ 



Vff - 
KLM - 



VOD 

Vss 
CL1 
CL2 
M 



D 







H D44li)U 


8 







R: Dividing resistors for LC drive voltage 
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Fig. 4 Timing chart 
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■ 40 character x 2 lines 

■ Attachable controller LSI: HD43160AH (seepage 134). 

MECHANICAL DATA (Nominal dimensions) 

Module size 220W x 50H x 15T (max.) mm 



Effective display area 163W x 17H mm 

Character size (5 x 7 dots) 3.1 5W x 4.45H mm 

Character pitch 3.9 mm 

Dot size 0.55W x 0.55H mm 

Weight about 100 g 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage (V DD -V SS ) 7 V max. 

(V DD -V EE ) 13.5 V max. 

Input voltage (CL1, CL2, D, M, FLM) . . . V SS ^V IN ^V DD 

Operating temperature (Ta) to 50°C 

Storage temperature (Tstg) -20 to 60°C 

ELECTRICAL CHARACTERISTICS 

Power supplies (V DD -V SS ) +5±0.25 V 

(V EE -V SS ) -5±0.5V 

Current consumption +5V 1 mA max. 

— 5V 1 mA max. 

Input high voltage 0.7 V DD V min. 

Input low voltage 0.3 V DD V max. 

Power supply for LCD drive (Recommended) (V — V EE ) 

Ta = 0°C 6.7Vtyp. 

Ta = 25°C 5.7Vtyp. 

Ta = 50°C 4.7Vtyp. 

OPTICAL DATA See page 1 1 



INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Level 


Function 


1 


FLM 


H 


The FLM signal indicates the beginning 
of each display cycle. 


2 


M 


H/L 


Control signal for a.c. driving. 


3 


CL1 


H^L 


The CL1 latches the serial data in the 
shift registers. 


4 


D 


H/L 


Serial row data of each character. 


5 


CL2 


H-L 


Clock signal for shifting the serial data. 


6 


v DD 




Power supply for logic circuit. 


7 


v S s 




Ground. 


8 


Vee 




Power supply for LC driving. 


9 Vp T - 


Operating voltage for LC driving. 


10 NC 


No connection 


Connector: Module side I L-1 0P-S3FP2-1 

Control side I L-1 0S-S3L-IN) (Housing) 

IL-C2-1-5000 (Socket contact) 
Made by JAE (Japan) 
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Fig. 1 Display pattern 
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Fig. 2 External dimensions 
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Fig. 4 Timing chart 
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This is a segment type LCD module containing the controller 
LSI for numerical display. 
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■ 7 segment x 16 digits 

■ Controller LSI MPD7225G is built-in 

■ +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size 87.0W x 27.5H x 1 1 .OT (max.) mm 

Effective display area 64.7W x 13.3H mm 

Character size 2.2W x 6.4H mm 

Character pitch 3.9 mm 

ABSOLUTE MAXIMUM RATINGS min. max. 

Power supply for logic (Vd D — Vss) 7.0 V 

Input voltage (Vi) V ss V DD V 

Operating temperature (Ta) 50°C 

Storage temperature (Tstg) -20 70°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C,V DD = 5.0 V ±0.25 V 

Input "high" voltage (V|h) 0.7 VqqV min. 

Input "low" voltage (V|j_) 0.3 V D dV max. 

Output "high" voltage (V D h) 

(-Ioh = 10 mA) Vdd - 0.5 V min. 

Output "low" voltage (Vol) 

(Iol = 100aiA) 0.5 V max. 

Power supply current (I D d) 

(V dd =5.0V) 0.21 mAtyp. 

Power supply for LCD drive (Recommended) (V D d - v o) 

Du = 1/4 



Power supply for LCD drive (Recommended) (Vdd - v o) 

Duty = 1 /4 

Ta = 0°C 3.32 V typ. 

Ta = 25°C 3.15 V typ. 

Ta = 50°C 2.70 V typ. 

INTERNAL PIN CONNECTION 



Pin No. 


Symbol 


Function 


1 


v S s 


Ground 


2 


vdd 


Power supply positive (5V) 


3 


vo 


LCD driving voltage 


4 


SCK 


Serial clock input 


5 


SI 


Serial input 


6 


cs 


Chip select input 


7 


BUSY 


Busy output 


8 


C/D 


Command/Data select 


9 


RESET 


Reset input 


10 


NC 


No connection 



Ml 



1 
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Fig. 1 External dimension 
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Fig. 2 Display pattern 
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Fig. 3 Power supply 



V DD ~ v : LCD driving voltage 
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Fig. 4 Block diagram 



INTERFACE TIMING 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


SCK cycle 


l CYK 




900 






ns 


SCK pulse width high 


tWHK 




400 






ns 


SCK pulse width low 


tWLK 




400 






ns 


BUSY 4- -*SCK \ hold time 


tHBK 











ns 


SI setup time to SCK t 


tSIK 




100 






ns 


SI hold time after SCK t 


tHKI 




200 






ns 


8th SCK T -> BUSY 4- delay time 


tDKB 


CL = 50pF 






3 


MS 


CS 4->BUSY \ delay time 


t DCSB 


CL= 50pF 






1.5 






C/D setup time to 8th SCK t 


*SDK 




9 






US 


C/D hold time after 8th SCK t 


t HKD 




1 






Ids 


CS hold time after 8th SCK t 


tHKCS 




1 






/us 


CS pulse width high 


tWHCS 




40 






/us 


CS pulse width low 


tWLCS 




40 






MS 
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Fig. 6 Timing waveforms 



Note : Power on sequence 

(1) Power supply voltage should be applied 
to LCD module as figure 7. 

(2) Input signals should not be applied to 
LCD module before power supply vol 
is applied and reaches to specified 
voltage (5V ±0.5V). 

If above sequence is not kept, C-MOS LSIs 
of LCD modules may be damaged due to latch 
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Fig. 7 Power supply voltage 



HITACHI 



DEOODED DISPLAY RAM DATA 



Display 




4-backplnne 


multiplex 


byte 


Character 


Display FIAM address 


(HEX) 




N+ 1 N 





o 


D 


7 


1 



a 





6 


u z 




Oo 


E 


3 


u o 




Oo 


A 


7 


4 




Mo 


3 


6 


5 




Oo 


B 


5 








6 


B 


F 


5 


7 







7 



Display 
byte 
(HEX) 


Character 


4-backplane multiplex 


Display RAM address 




N+1 N 


8 


u 


F 7 




o 

Oo 


c 7 
r / 


n a 


QL 


o n 
z u 


U D 




Oo 


r 1 


C 




Oo 


n i 

U 1 


D 




Oo 


A 


E 




E 4 


F 




Oo 






— . 



Sn- 




COM 1 



COM2 



COM3 



-COM4 



Fig. 8 Connection diagram 
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COMMAND 



Command 


Description 


Instruction code 


Binary 

D 7 D 6 D 5 Di D 3 D 2 D, Do 


HEX 


1 MODE SET 


Initialize the A <PD7225 

1) LCD Drive Configuration 

2) LCD Bias Voltage Configuration 

3) LCD Frame Frequency 


10 10 


42 


2. ASYNCHRONOUS 
DATA TRANSFER 


Synchronize Display RAM data transfer to Display Latch 
with CS 


1 10 


30 


3. SYNCHRONOUS DATA 
TRANSFER 


Synchronize Display RAM data transfer to Display Latch 
with LCD Drive Cycle 


1 10 1 


31 


4. INTERRUPT DATA 
TRANSFER 


Interrupt Display RAM data transfer to Display Latch 


1 1 10 


38 


5. LOAD DATA POINTER 


Load Data Pointer with 5 bits of Immediate Data 


1 1 1 D 4 D 3 D 2 Di Do 


EO-FF 


6. CLEAR DISPLAY RAM 


Clear the Display RAM and reset the Data Pointer 


10 


20 
DO-DF 


7. WRITE DISPLAY RAM 


Write 4 bits of Immeditae Data to the Display RAM 
Location addressed by the Data Pointer ; Increment Data 
Pointer 


1 1 1 D 3 D 2 D, Do 


8. AND DISPLAY RAM 


Perform a Logical AND between the Display RAM data 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Display RAM Location. 
Increment Data Pointer 


1 1 D 3 D 2 Di Do 


90-9F 


9. OR DISPLAY RAM 


Perform a Logical OR between the Display RAM data 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Display RAM Location : Incre- 
ment Data Pointer 


1 1 1 D 3 D 2 D, Do 


BO - BF 


10. ENABLE SEGMENT 
DECODER 


Start use of the Segment Decoder 


10 10 1 


1 5 


11. DISABLE SEGMENT 
DECODER 


Stop use of the Segment Decoder 


1 10 


14 


12. ENABLE DISPLAY 


Turn on the LCD 


1 1 


1 1 


13 DISABLE DISPLAY 


Turn off the LCD 


1 


10 


14. CLEAR BLINKING RAM 


Clear the Blinking RAM and reset the Data Pointer 


00000000 


00 


15. WRITE BLINKING RAM 


Write 4 bits of Immediate Data to the Blinking RAM 
Location addressed by the Data Pointer ; Increment Data 
Pointer 


1 1 D 3 D 2 D, Do 


CO-CF 


16. AND BLINKING RAM 


Perform a Logical AND between Blinking RAM data 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Blinking RAM Location : 
Increment Data Pointer 


1 D 3 D 2 Di Do 


80-8F 


17. OR BLINKING RAM 


Perform a Logical OR between Blinking RAM data addre- 
ssed by the Data Pointer and 4 bits of Immediate Data : 
Write resuit to same Blinking Location : Increment Data 
Pointer 


1 1 D 3 D? Di Do 


AO-AF 


18. ENABLE BLINKING 


Start Segment Blinking at the Frequency Specified by 1 
bit of Immediata Data 


1 1 1 Do 


1A-TB 


19. DISABLE BLINKING 


Stop Segment Blinking 


110 


18 
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HOW TO USE HITACHI'S BUILT-IN CONTROLLER 
LCD-II (HD44780) DOT MATRIX LCD MODULE 



Note: Refer to the following for details of HD44780 (LCD-II) 
Hitachi, Ltd. 

Semiconductor & Integrated Circuits Div. 

New Marunouchi Bldg., 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo, 100 Tel: 03-212-1111 

HITACHI 151 



■ INTRODUCTION 



- FEATURES 



The LCD-II (HD44780) is a dot matrix liquid crystal display 
controller & driver LSI that displays alphanumerics, kana 
characters and symbols. It drives dot matrix liquid crystal 
display under 4-bit or 8-bit microcomputer or microprocessor 
control. All the functions required for dot matrix liquid crys- 
tal display drive are internally provided on one chip. 
The user can complete dot matrix liquid crystal display sys- 
tems with less number of chips by using the LCD-II (HD44780). 
If a driver LSI HD44100H is externally connected to the 
HD44780, up to 80 characters can be displayed. 
The LCD-II is produced in the CMOS process;. Therefore, the 
combination of the LCD-II with a CMOS microcomputer or 
microprocessor can accomplish a portable battery-drive 
device with lower power dissipation. 



• Capable of interfacing to 4-bit or 8-bit MPU. 



Display data RAM 



80 x 8 bits 

(80 characters, max.) 



Character generator ROM .... 

Character font 5 x 7 dots: 160 characters 
Character font 5x10 dots: 32 characters 

Both display data and character generator RAMs can be 

read from the MPU. 

Wide range of instruction functions 

Display clear. Cursor home. Display ON/OFF, Cursor 
ON/OFF, Display character blink. Cursor shift. Display 
shift 

Internal automatic reset circuit at power ON. (Internal 
reset circuit) 



1. Applicable type 

(1 ) 1 line series 

LM054 H2570 ■ LM01 5 • LM568AF ■ LM020L ■ LM070L ■ 
LM038 LM027 H2571 -H2572 LM058 

(2) 2 line series 
LM052LLM016LLM032LLM060LLM017LLM018L 

(3) 4 line series 
LM041LLM044L 

2. Connecting MPU with LCM 
2.1 Driver circuit block diagram 

Figure 1 shows the driver circuit block diagram of LCM with 
built-in controller LSI. Controller LSI HD44780 (LCD-II) is 
built-in this LCM. Also extended LCD driver LSI is built in 
the LCM that displays more than 16 digits. 



Liguid crystal disply module 
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Fig. 1 Driver circuit block diagram 
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2.2 Interfacing to MPU 

In the HD44780, data can be sent in either 4-bit 2-operation 
or 8-bit 1 -operation so it can interface to both 4 and 8 bit 
MPU's. 

When interface data is 4-bits long, data is transferred 
using only 4 buses: DB 4 ~ DB 7 . DB ~ DB 3 are not 
used. Data transfer between the HD44780 and the MPU 
completes when 4-bit data is transferred twice. Data of 
the higher order 4 bits (contents of DB 4 ~ DB 7 when 
interface data is 8 bits long) is transferred first, then the 



(1 



lower order 4 bits (content of DB DB 3 when interface 
data is 8 bits long) is transferred. Check the busy flag 
after 4-bit data has been transferred twice (one instruc- 
tion). A 4-bit 2-operation will then transfer the busy flag 
and address counter data. 




Instruction! IR) write 



Busy flay (BF) and 
address counter (AC) read 



Data register (DR) read 



Fig. 2 4-bit data transfer example 



(2) When interface data is 8 bit long, data is transferred using 
the 8 data buses of DB ~ DB 7 . 



2.3 Interface to MPU 

(1) Interface to 8-bit MPU 



RS 

R/W 
E 

Internal. 



J 



V 



\ r~\ r\ a~^_/~y 



Internal operation 



No 



Instruction write 



Busy flag check 



Busy flag check 



Busy flag check 



Instruction write 



Fig. 3 Example of busy flag check timing sequence 



(?) When connecting to 8-bit MPU through PIA 

Fig. 4 is an example of using a PIA or I/O port (for 
single chip microcomputer) as an interface device. Input 
and output of the device is TTL compatible. 
In the example, PB to PB 7 are connected to the data 



buses DB to DB 7 and PA to PA 2 are connected to E, 
R/W and RS respectively. Pay attention to the timing 
relation between E and other signals when reading or 
writing data and using PIA as an interface. 
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Fig. 4 Example of interface to HD68B00 using PIA (HD68B21) 

Connecting directly to the 8 bit MPU bus line 
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VMA 

A,, 

A„ 



R/W 
D ~D 



D 



LCM 

COM, 
E -COM,, 

HD44780 

RS 
R/W 



DB„~DB, 



SEG, 
— S EG 40 



16 



Connected 
to LCD 



(3) Example of interfacing to the HD6805 







LCM 






8 


DB — DB 7 


16 




/ ► 





HD6 80 5 Crt 

c, 




HD4 + 7 8 

E 

RS SEG, 

~SEG 40 

R/W 






40 




- 


c 2 







Connected 
to LCD 



© Example of interfacing to the HD6301 





P M 








P». 


HD6 30 1 


P.o 




~P|7 



RS 
R/W 
E 



LCM 



COM, 
—COM, s 



HD4 ♦ 7 80 
DB ~DB 7 



SEG, 
— S EG + o 



1 6 



♦ 



t Connected 
to LCD 
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© Example of interfacing to Z80 MPU 





& 




A, 
/ 

A, 


Z80- 


D„ 
I 

) D, 


MPU 


<S 




IORQ 








WR 



c 



(b) 



Above circuit is an example of connection with Z80 
MPU and HD44780A00 as an I/O equipment. It 
can be used as a part of memories by using MREQ 
signal. 

AO signal can be used for RS signal. 
AO = 0: Instruction register is selected. 
AO = 1 : Data register is selected. 




Note: 280 is the trademark of ZILOG, U.S.A. 



(c) In order to check busy flag, transfer the data of 
DB ~ DB 7 to A register (accumulator) by execut- 
ing In/Out instruction. After that, busy flag can 
be easily checked by examining DB 7 . 



(6) Example of interfacing to 80 CPU family 





IO/M 




RD 




WR 




s, 




ALE 

Ai^ 5 

A s 
AD„ 

AD 7 



AA 



i i i 



C 



)— 




Chip 




select 


CS 



S Q 
T 

R D 



( 74LS74) 



|ADo 



iimW 



LCM 
(LCD— 1 ) 



R/W 
RS 



DB 
1 

DB, 



Fig. 5 Example of connection with LCM being used as a part of memories on the determined address. 



Figure 5 is an example of connection with LCD module 
being used as a part of memories on the determined 
address. 

Generates RS signal (Register Select signal) by latching 
the content of AD at the rising edge of ALE signal. By 
using this method, you can obtain RS signal from the 
AD among 8 bit addresses generated at the clock of the 
first machine cycle. In case of using LCD module as an 



I/O equipment, chip select signal is necessarily activated 
when IO/M signal is "High" level. 

Furthermore, by using A8 for RS signal, the interface is 
easily realized. 

By both methods, busy flag can be checked by storing 
status data into A register (Accumulator) and examining 
the bit 7 by software. 
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(2) Interface to 4-bit MPU 

The HD44780 can be connected to a 4-bit MPU through 
the 4-bit MPU I/O port. If the I/O port has enough bits, 
data can be transferred in 8-bit lengths, but if the bits are 
insufficient, the transfer is made in two operations of 4 
bits each (with designation of interface data length for 
4 bits). In the latter case, the timing sequence becomes 



somewhat complex. (See Fig. 6) 

Fig. 7 shows an example of interface to the HMCS43C. 
Note that 2 cycles are needed for the busy flag check as 
well as the data transfer. 4-bit operation is selected by 
program. 



RS 



R/W 



Internal 



I 



J 



rvr\_rj~\ r\ry 

r 



Internal operation 



Instruction write Busy flag check Busy flag check 

(Note) IR7, IR3 : Instruction 7th bit, 3rd bit. 
AC 3 : Address counter 3rd bit. 

Fig. 6 An example of 4 bit data transfer timing sequence 



Instruction write 









D,« 


HMCS 






D„ 


Rio 


~Ru 



RS 

R/W 

E 

LCM 
DB«~DBt 



Fig. 7 Example of interface to the HMCS43C 



3. Precautions on constituting hardwares 
3.1 Chip select 

HD44780 has no CS (chip select) terminals. Therefore, when 
this LSI is connected directly to Data Bus line not through PIA 
and so on, add the circuit that inhibits the output of Enable 
signal at the address which is not assigned for HD44780. 




E 






LCM 


RS 




R/W 





Fig. 8 Example^of addresses (3000) 16 ~ (3FFF) 16 being assigned for 



3.2 Ability of driving bus line 

DB to DB 7 can drive one TTL or capacitance of 130 pF. 
The data bus terminals have three-state constructions and re- 
main in high impedance state while Enable signal being low 
level. 

Since the data bus has pull up MOS, it outputs high level volt- 
age during the data bus being opened. 

3.3 Power supply voltage for liquid crystal display drive 

At Interface of liquid crystal display module, there are three 
power supply terminals, V DD , GND, and V . LCD module 
is driven by the voltage that is equal to Vqq — V , when 
supplying power for liquid crystal display drive to V terminal. 
Since suitable voltage of power supply for LCD shifts ac- 
cording to temperature change adjust supplying power to LCD 
by referring to Fig. 9 or Fig. 10. 
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(1 ) Example of variable driving voltage by a variable resistance 
(VR) 

The driving voltage can be changed by VR to compensate 
the influence of surrounding temperature. 



(2) Example of a thermal compensator circuit 
When setting the voltage, refer to Table-1 




GND 



GND- 





I Thermistor 

' Rl 



: R2 




RL 

( 27. 2kfl) 



LCM 



VR value=10kfl ~20k£l 



Fig. 9 Variable driving voltage circuit 



Thermistorj ^zli^Cr- 2 ^) 
Fig. 10 Example of a thermal compensator circuit 



Table 1 



LCD module 


Duty 


Recommended driving voltage 


Typical circuit parameter 




Vim-Vo(V) 


Vz(V) 


RKkQ ) 


R2(kQ ) 


R3(kQ) 


LM 1 5 







4.0 










LM 2 7 
L M 3 8 
L M 5 4 


1 / 8 


25 


3.7 


4.5 


2.2 


2.8 


1.0 




50 


3.3 










L M 5 8 
H 2 5 7 
H 2 5 7 1 







4.3 










1 / 11 


25 


3.9 


4.5 


2.2 


3.2 


0.3 


H 2 5 7 2 




50 


3.3 

















4.6 










LM 3 2 L 


1 / 16 


25 


4.4 


5.0 


0.1 


1.3 


0.1 






50 


4.2 











4. initialization 

4.1 Initializing by internal reset circuit 

The HD44780 automatically initializes (resets) when power is 
turned on using the internal reset circuit. The following in- 
structions are executed in initialization. The busy flag (BF) is 
kept in busy state until initialization ends. (BF = 1) The busy 
state is 10 ms after V cc rises to 4.5 V. 

(1) Display clear 

(2) Function set DL 

N 



= 1 
= 
= 



8 bit long interface data 
1-line display 
5x7 dot character font 



(3) Display ON/OFF 

control D =0 

C =0 

B =0 

(4) Entry mode set .... I/D = 1 

S =0 



: Display OFF 
: Cursor OFF 
: Blink OFF 
: +1 (increment) 
: No shift 



(5) Write DD RAM 

When the rise time of power supply (0.2 -> 4.5) is out of 
the range 0.1 ms ~ 10 ms, or when the low level width of 
power OFF (less than 0.2 V) is less than 1 ms, the internal 
reset circuit will not operate normally. 
In this case, initialization will not be performed normally. 
Initialize by MPU according to "4.2 initializing by instruc- 
tion" at the head of program. 
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4.2 Initializing by instruction 

If the power supply conditions for correctly operating the 
internal reset circuit are not met, initialization by instruction 
is required. 

Use the following procedure for initialization. 
(1) When interface is 8 bits long; 



c 



Power ON 



3 



Wait more than 15 ms 
after Vrjrj rises to 4.5V 



RS 


R/W DB? 


DBe DBs 


DBj 


DB 3 


DB 2 


DBi 


DBo 








1 


1 






* 





Wait more than 4.1 ms 



RS R/W DB; DBs DBs DB 4 DBs DB 2 DBi DBo 
000011**** 



Wait more than 100 us 





RS 


R/W 


DBt 


DBe 


DBs 


DB4 


DBs 


DB 2 


DBi 


DB<» 
















1 


1 


* 


* 


* 


* 








RS 


R/W 


DB 7 


DBe 


DBs 


DBa 


DB 3 


DB 2 


DB, 


DBo 
















1 


1 


N 


F 


* 


* 














































1 








































1 

























1 


I/D 


S 



BF cannot be checked before this instruction. 



Function set (interface is 8 bits long) 



BF cannot be checked before this instruction. 



Function set (interface is 8 bits long) 



BF cannot be checked before this instruction 



Function set (interface is 8 bits long) 



BF can be checked after the following instructions. When BF is 
not checked, the waiting time between instructions is longer than 
the execution instruction time. (See Table 2) 



function set 



Interface is 8 bits long, 
display OFF Specify the number of 

display lines and character 
display ON (Jont. 



entry mode set 



The number of display lines 
and character font cannot be 
changed afterwards. 



Initialization ends 
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(2) When interface is 4 bits long 



c 



Power ON 



3 



Wait more than 1 5 ms 
after Vrjrj rises to 4.5V 









RS R W DBt DBe DBs DB< 
1 1 



Wait more than 
4.1 ms 



Wait more than 
100 /us 



RS 


R/W 


UBr 


DBe 


DBs DBi 














1 1 



RS 


R/W 


DB? 


DBs 


DBs 


DE 4 














1 


1 






RS 


R/W 


DB? 


DBs 


DB, 


DE>4 














1 

















1 











N 


F 






























1 












































1 





























1 


I/D 


s 



BF cannot be checked before this instruction. 



Function set (interface is 8 bits long) 



BF cannot be checked before this instruction. 



Function set (interface is 8 bits long) 



BF cannot be checked before this instruction. 



Function set (interface is 8 bits long) 



BF can be checked after the following instructions. When BF is 
not checked, the waiting time between instructions is longer than 
the execution instruction time. (See Table 2) 



Function set (set interface to be 4 bits long) Interface is 8 bits long 



function set 



display OFF 
display ON 
entry mode set 



Interface is 4 bits long. 
Specify the number of 
display lines and character 
font. 



The number of display lines 
and character font cannot be 
changed afterwards. 



Initialization ends 
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5. Instruction 



5.1 Outline 

Only two HD44780 registers, the Instruction Register (IR) and 
the Data Register (DR) can be directly controlled by the 
MPU. Prior to internal operation start, control information is 
temporarily stored in these registers, to allow interface from 
HD44780 internal operation to various types of MPUs which 
operate in different speeds or to allow interface to peripheral 
control ICs. HD44780 internal operation is determined by 
signals sent from the MPU. These signals include register selec- 
tion signals (RS), read/write signals (R/W) and data bus signals 
(DB ~ DB 7 ), and are called instructions, here. Table 2 shows 
the instructions and their execution time. Details are ex- 
plained in subsequent sections. 
Instructions are of 4 types, those that, 

(1) Designate HD44780 functions such as display format, 
data length, etc. 

(2) Give internal RAM addresses. 

(3) Perform data transfer with internal RAM 

(4) Others 

In normal use, category (3) instructions are used most fre- 
quently. However, automatic incrementing by +1 (or decre- 
menting by —1) of HD44780 internal RAM addresses after 
each data write lessens the MPU program load. The display 
shift is especially able to perform concurrently with display 
data write, enabling the user to develop systems in minimum 
time with maximum programming efficiency. For an explana- 
tion of the shift function in its relation to display, see 5.3. 
When an instruction is executing during internal operation, no 
instruction other than the busy flag/address read instruction 
will be executed. 

Because the busy flag is set to "1" while an instruction is being 
executed, check to make sure it is on "1" before sending an 
instruction from the MPU. 



Note 1 

Make sure the HD44780 is not in the busy state (BF = 0) 
before sending the instruction from the MPU to the 
HD44780. If the instruction is sent without checking 
the busy flag, the time between first and next instructions 
is much longer than the instruction time. See Table 2 for 
a list of each instruction execution time. 
Note 2 

After executing instruction of writing data to CG/DD 
RAM or reading data from CG/DD RAM, RAM address 
counter is automatically incremented by 1 (or decrement- 
ed by 1). In this case, this shift is executed after Busy 
Flag is set to "Low". tADD ' s stipulated the time from 
the fall edge of busy flag to the end of address counter's 
renewal. 



Busy signal 
(BD,) 

Address counter 
(DB ~ DB,) 



Busy state-"-L 



X 



A+ 1 



ADD 
r— 



*ADD depends on the operating frequency 
1.5 



'add - 



f CP or f osc 



(s) 
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Table 2 Instructions 



Instruction 


Code 


Description 


Execution time 
(when fosc is 
250 kHz) 
Note 1 


Execution time 
(when fosc is 
160 kHz) 
Note 2 


RS 


R/W 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DB0 


Clear display 





























1 


Clears all display and returns the 
cursor to the home position 
(Address 0). 


82 ms ~ 1 .64 ms 


120 ms ~ 4.9 ms 


Return home 


























1 




Returns the cursor to the home posi- 
tion (Address 0). Also returns the 
display being shifted to the original 
position. DD RAM contents remain 
unchanged. 


40 ms ~ 1 .6 ms 


1 20 ms ~ 4.8 ms 


Entry mode 
set 























1 


l/D 


S 


Sets the cursor move direction and 
specifies or not to shift the display. 
These operations are performed 
during data write and read. 


40 ms 


120 ms 


Display ON/ 
OFF control 




















1 


D 


C 


B 


Sets ON/OFF of all display (D), 
cursor ON/OFF (C) and blink of 
cursor position character (B). 


40 n$ 


120 ms 


Cursor and 
display shift 

















1 


S/C 


R/L 






Moves the cursor and shifts the 

Hicr\law iA/i - t - h/^Li+ ^h^nninn 1™^ R A \A 
UlsLJldy WIlHUUl i_i icii ly 1 1 ly \_j L/ n/-\IVI 

contents 


40 ixs 


120 m s 


Function set 














1 


DL 


N 


F 






Sets interface data length (DL) 
number of display lines (L) and 
character font (F). 


40 ms 


120 ms 


Set CG RAM 
address. 











1 


A CG 


Sets the CG RAM address. CG RAM 

Hat ^ ic cpnt anrl rprp i upH aftPr thl« 
Ua id Id 3d ll al lu Ic^civcu a i Lei LIMA 

setting. 


40 ms 


120 ms 


Set DD RAM 
address 








1 


Add 


Sets the DD RAM address. DD RAM 
data is sent and received after this 
setting. 


40 ms 


120 ms 


Read busy 
flag & address 





1 


BF 


AC 


Reads Busy flag (BF) indicating 

intprnal nnpratinn is hpinn nprformprl 

and reads address counter contents. 


1ms 


1 us 


Write data 
to CG or 
DD RAM 


1 





Write Data 


Writes data into DD RAM or CG 
RAM. 


40 ms 


120 ms 


Read data 
to CG or 
DD RAM 


1 


1 


Read Data 


Reads data from DD RAM or CG 
RAM. 


40 ms 


120 ms 




l/D =1: Increment (+1 ) l/D = 0: Decrement (-1) 

S =1: Accompanies display shift. 

S/C =1: Display shift S/C = 0: Cursor move 

R/L = 1 : Shift to the right. 

R/L =0: Shift to the left. 

DL = 1 : 8 bits DL =0:4 bits 

N = 1 : 2 lines N =0:1 line 

F =1: 5x10 dots F =0: 5 x 7 dots 

BF = 1 : Internally operating 

BF =0: Can accept instruction 


DD RAM : Display data RAM 
CG RAM: Character generator RAM 
Aqq: CG RAM address 
Aqq: DD RAM address 

Corresponds to cursor 

address. 

AC: Address counter used for 
both of DD and CG RAM 
address. 


Execution time changes when 
frequency changes. 
(Example) 

When fosc is 270 kHz: 
250 

40 ms x — - = 37 ms 
270 



* No effect 
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5.2 Description of details 

(1) Clear display 





RS 


R/W DB 7 














-DB 


Code 





























1 



Writes space code "20" (hexadecimal) (character pattern 
for character code "20" must be blank pattern) into all 
DD RAM addresses. Sets DD RAM address in address 
counter. Returns display to its original status if it was 
shifted. In other words, the display diseippears and the 
cursor or blink go to the left edge of the display (the 
first line if 2 lines are displayed). Set l/D = 1 (Increment 
Mode) of Entry Mode. S of Entry Mode doesn't change. 



(2) Return home 





RS R/WDB 7 


—DBo 


Code 


I I I I I I I 


I I I I I I I 


e I m | 



* No effect 

Sets the DD RAM address in address counter. Returns 
display to its original status if it was shifted. DD RAM 
contents do not change. The cursor or blink go to the left 
edge of the display (the first line if 2 lines; are displayed). 



(3) Entry mode set 



Code 



RS 


R/W DB 7 














DB 


























l/D 


S 



l/D: Increments (l/D = 1) or decrements (l/D = 0) the DD 
RAM address by 1 when a character code is written 
into or read from the DD RAM. The cursor or blink 
moves to the right when incremented by 1 and to the 
left when decremented by 1. The same applies to 
writing and reading of CG RAM. 

S: Shifts the entire display either to the right or to the 
left when S is 1; to the left when l/D = 1 and to the 
right when l/D = 0. Thus it looks as if the cursor 
stands still and the display moves. The display does 
not shift when reading from the DD RAM when 
writing into or reading out from the CG RAM does it 
shift when S = 0. 



Display ON/OFF control 
RS R/W DB, 

Code 
D: 



-DBo 





















1 


D 


C 


B 



C: 



The display is ON when D = 1 and OFF when D = 0. 
When off due to D = 0, display data remains in the 
DD RAM. It can be displayed immediately by setting 
D = 1. 

The cursor displays when C = 1 and does not display 
when C = 0. Even if the cursor disappears, the func- 
tion of l/D, etc. does not change during display data 
write. The cursor is displayed using 5 dots in the 8th 
line when the 5x7 dot character font is selected and 
5 dots in the 1 1th line when the 5 x 10 dot character 
font is selected. 

The character indicated by the cursor blinks when B 
= 1. The blink is displayed by switching between all 
blank dots and display characters at 409.6 ms interval 
when ffjp or f osc = 250 kHz. The cursor and the 
blink can be set to display simultaneously. (The 
blink frequency changes according to the reciprocal 
250 

off CP orf osc . 409.6 x^q- = 379.2 ms when f CP 



= 270 kHz. 



Cursor 
5x7 dot character 
font 



Alternating display 



5x10 dot character 
font 



(a) Cursor Display Example 



(5) Cursor or display shift 



(b) Blink Display Example 



Code 



RS 


R/W 


DB 7 














DBo 

















1 


S/C 


R/L 


* 


* 



* No effect 

Shifts cursor position or display to the right or left with- 
out writing or reading display data. This function is used 
to correct or search for the display. In a 2-line display, 
the cursor moves to the 2nd line when it passes the 40th 
digit of the 1st line. Notice that the 1st and 2nd line dis- 
plays will shift at the same time. When the displayed data 
is shifted repeatedly each line only moves horizontally. 
The 2nd line display does not shift into the 1st line | 
tion. 
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s/c 





R/L 




Shifts the cursor position to the left. 
(AC is decremented by one.) 

1 Shifts the cursor position to the right. 

(AC is incremented by one.) 

1 Shifts the entire display to the left. The 

cursor follows the display shift. 
1 1 Shifts the entire display to the right. The 

cursor follows the display shift. 
Address counter (AC) contents do not change if the only 
action performed is shift display. 



(6) Function set 



Code 



RS 


R/W DB 7 














DB 














1 


DL 


N 


F 


* 


* 



* No effect 

DL: Sets interface data length. Data is sent or received in 
8 bit lengths (DB 7 ~ DB ) when DL = 1 and in 4 bit 
lengths (DB 7 ~ DB 4 ) when DL = 0. 
When the 4 bit length is selected, data must be sent 
or received twice. 

N: Sets number of display lines. 

F : Sets character font. 
(Note) Perform the function at the head of the program before ex- 
ecuting ail instructions (except "Busy flag/address read"). 
From this point, the function set instruction cannot be 
executed unless the interface data length is changed. 



N F 


No. of 
display 
lines 


Character 
font 


Duty 
factor 


Remarks 





1 


5 x 7 dots 


1/8 




1 


1 


5x10 dots 


1/11 




1 . 


2 


5 x 7 dots 


1/16 


Cannot display 2 lines 
with 5 :< 10 dot charac- 
ter font. 



No effect 



(7) Set CG RAM address 



Code 



RS 


R/W DB 7 














DB 











1 


A 


A 


A 


A 


A 


A 



Higher 
Order Bits 



Lower 
Order Bits 



Sets the CG RAM address into the address counter in 
binary AAAAAA. Data is then written or read from the 
MPUfor theCG RAM. 



(8) Set DD RAM address 
RS R/WDB 7 - 



DB 



Code 









1 


A 


A 


A 


A 


A 


A 


A 

























Higher 
Order Bits 



lower 
Order Bits 



Sets the DD RAM address into the address counter in 
binary AAAAAAA. Data is then written or read from the 
MPU for the DD RAM. 

However, when N = (1-line display), AAAAAAA is 
<'00"~"4F" (hexadecimal), 
when N = 1 (2-line display), AAAAAAA is 
"00" ~ "27" (hexadecimal) for the first line, 
and "40" ~ "67" (hexadecimal) for the second 
line. 



(9) Read busy flag & address 



Code 



RS 


R/W DB 7 














DB 





1 


BF 


A 


A 


A 


A 


A 


A 


A 



Higher 
Order Bits 



Lower 
Order Bits 



Reads the busy flag (BF) that indicates the system is now 
internally operating by a previously received instruction. 
BF = 1 indicates that internal operation is in progress. 
The next instruction will not be accepted until BF is set 
to "0". Check the BF status before the next wire opera- 
tion. 

At the same time, the value of the address counter ex- 
pressed in binary AAAAAAA is read out. The address 
counter is used by both CG and DD RAM addresses, 
and its value is determined by the previous instruction. 
Address contents are the same as in Items (7) and (8). 

(10) Write data to CG or DD RAM 



Code 



RS 


R/W 


DB 7 














DB 


1 





D 


D 


D 


D 


D 


D 


D 


D 



Higher 
Order Bits 



Lower 
Order Bits 



Writes binary 8 bit data DDDDDDDD to the CG or the 
DD RAM. Whether the CG or DD RAM is to be written 
into is determined by the previous specification of CG 
RAM or DD RAM address setting. After write, the 
address is automatically incremented or decremented by 
1 according to entry mode. The entry mode also deter- 
mines display shift. 
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(11) Read data from CG or DD RAM 



Code 



RS 


R/W DB 7 














DB 


1 


1 


D 


D 


D 


D 


D 


P 




D 



Higher 
Order Bits 



Lower 
Order Bits 



Reads binary 8 bit data DDDDDDDD from the CG or DD 
RAM. The previous designation determines whether the 
CG or DD RAM is to be read. Before entering the read 
instruction, you must execute either the CG RAM or DD 
RAM address set instruction. If you don't, the first read 
data will be invalidated. When serially executing the 
"read" instruction, the next address data is normally read 
from the second read. The "address set" instruction need 
not be executed just before the "read" instruction when 
shifting the cursor by cursor shift instruction (when 
reading out DD RAM). The cursor shift instruction 
operation is the same as that of the DD RAM's address 
set instruction. 

After a read, the entry mode automatically increases or 
decreases the address by 1 . However, display shift is not 
executed no matter what the entry mode is. 
(Note) The address counter (AC) is automatically incre- 
mented or decremented by 1 after "write" instruc- 
tions to either CG RAM or DD RAM. RAM data 
selected by the AC cannot than be read out even if 
"read" instructions are executed. The conditions 
for correct data read out are: execute either the 
address set instruction or cursor shift instruction 
(only with DD RAM), just before reading out ex- 
ecute the "read" instruction from the second time 
the "read" instruction is serial. 
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5.3 Instruction and display correspondence 

(1) 8-bit operation, 8-digit x 1-line display (using internal 
reset) 

Following table shows an example of 8-bit x 1-line display 
in 8-bit operation. 

The HD44780 functions must be set by Function Set 
prior to display. Since the display data RAM can store 

8 bit operation, 8-digit 1-line display example (using internal reset) 



data for 80 characters, as explained before, the RAM can 
be used for displays like the lightening board when com- 
bined with display shift operation. 

Since the display shift operation changes display position 
only and DD RAM contents remain unchanged, display 
data entered first can be output when the return home 
operation is performed. 



No. 



Instruction 



Power supply ON (HD44780 is initialized by 
the internal reset circuit) 



Display 



Operation 



Initialized. No display appears. 



Function Set 

RS R/W DB7 — 

1 1 



— -DB 



Sets to 8-bit operation and selects 1 -line display 
lines and character font. (Number of display 
lines and character fonts cannot be changed 
hereafter.) 



Display ON/OFF Control 

1 1 1 



Turns on display and cursor. Entire display is 
in space mode because of initialization. 



Entry Mode Set 

00000001 10 



Sets mode to increment the address by one and 
to shift the cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



Write Data to CG RAM/DD RAM 

1 1 1 



Write Data to CG RAM/DD RAM 

1 1 1 



Write "H". The DD RAM has already been 
selected by initialization when the power is 
turned on. 

The cursor is incremented by one and shifted to 
the right. 



H I 



Writes "I". 









Write Data to CG RAM/DD RAM 
1 1 1 



H I T A C H I _ 



Writes "I". 



9 
10 
11 



Entry Mode Set 




■HITACHI. 



Sets mode for display shift at the time of write. 



Write Data to CG RAM/DD RAM 
1 1 



I T A C H I _ 



Writes "Space" 



Write Data to CG RAM/DD RAM 
1 1 1 1 



T A C H I M . 



Writes "M" 



12 



13 



Write Data to CG RAM/DD RAM 

1 1 1 1 1 



MI CROK 0. 



Writes "0". 



14 
15 



Cursor or Display Shift 
1 



MI CROK O 



Shifts only the cursor position to the left. 



Cursor or Display Shift 
1 



M I C R O K 



Shifts only the cursor position to the left. 



16 
17 



Write Data to CG RAM/DD RAM 
1 1 



I C R O C 



Writes "C" (correction). The display moves to 
the left. 



18 
19 



Cursor or Diaplay Shift 
1 



MICROCn 



Shifts the display and cursor position to the 
right. 



Cursor or Display Shift 
1 



M I C 



ROC 0_| 



Shifts display and cursor position to the right. 



Write Data to CG RAM/DD RAM 
1 1 1 1 



I CROCOM^ 



Writes "M" 



20 



21 



Return Home 




HITACHI 



Returns both display and cursor to the original 
position (Address 0). 
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(2) 4-bit operation, 8-digit x 1 -line display (using internal 
reset) 

The program must set functions prior to 4-bit operation. 
The following table shows an example. When power is 
turned on, 8-bit operation is automatically selected and 
the first write is performed as an 8-bit operation. Since 



nothing is connected to DB ~ DB 3 , a rewrite is then 
required. However, since one operation is completed in 
two access of 4-bit operation, a rewrite is needed as a 
function (see the following table). 
Thus, DB 4 ~ DB 7 of the function set is written twice. 



4 bit operation, 8-digit 1-line display (using internal reset) 



No. 



Instruction 



Display 



Operation 



Power supply ON (HD44780 is initialized by 
the internal reset circuit) 



Initialized. No display 



Function Set 

RS R/W DB 7 





— DB 4 



Sets to 4-bit operation. In this case, operation 
is handled as 8 bits by initialization, and only 
this instruction completes with one write. 



Function Set 















Sets 4-bit operation and selects 1-line display 
and 5x7 dot character font. 4-bit operation 
starts from this point on and resetting is 
needed. (Number of display lines and character 
fonts cannot be changed hereafter.) 



Display ON/OFF Control 



1110 



Turns on display and cursor. Entire display is in 
space mode because of initialization. 



Entry Mode Set 



1 1 



Sets mode to increment the address by one and 
to shift the cursor to the right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 



Write Data to CG RAM/DD RAM 

1 10 

1 10 



Writes "H". 

The cursor is incremented by one and shifts 
to the right. 



Hereafter, control is the same as 8-bit operation. 
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(3) 8-bit operation, 8-digit x 2-line display 

For 2-line display, the cursor automatically moves from 
the first to the second line after the 40th digit of the 1st 
line has been written. Thus, if there are only 8 characters 
in the first line, the DD RAM address must again be set 
after the 8th character is completed. (See the following 
table) Note that the first and second lines of the display 



shift are performed. In the example, the display shift is 
performed when the cursor is on the second line. How- 
ever, if shift operation is performed when the cursor is 
on the first line, both the first and second lines move 
together. When you repeat the shift, the display of the 
second display will only move within each line many 
times. 



8 bit operation, 8-digit x 2-line display example (using internal reset) 



No. 



Instruction 



Display 



Operation 



Power supply ON (HD44780 is initialized 
by the internal reset circuit) 



Initialized. No display appears. 



Function Set 
RS R/W DB 7 — 




DI3 



Sets to 8-bit operation and selects 2-line display 
and 5x7 dot character font. 



Display ON/OFF Control 




1 



Turns on display and cursor. All display is in 
space mode because of initialization. 



Entry Mode Set 





1 1 



Sets mode to increment the address by one and 
to shift the cursor to the right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 



Write Data to CG RAM/DD RAM 
1 1 1 



Write "H". The DD RAM has already been 
selected by initialization when the power is 
turned on. 

The cursor is incremented by one and shifted 
to the right. 



Write Data to CG RAM/DD RAM 
1 1 1 



HITACHI. 



Writes ' 



Set DD RAM Address 
110 



HITACHI 



Sets RAM address so that the cursor is 
positioned at the head of the 2nd line. 



Write Data to CG RAM/DD RAM 
1 1 1 



1 



HITACHI 



M 



Writes "M" 



10 



11 



Write Data to CG RAM/DD RAM 
1 1 1 1 



HITACHI 



M I C R C O 



Writes "0". 



12 



Entry Mode Set 




- 



1 1 
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MIC R O C 0_ 



Sets mode for display shift at the time of write. 



13 



Write Data to CG RAM/DD RAM 
1 1 1 1 



1 



I T A C H I 



I C R O C O M. 



Writes "M". Display is shifted to the right. 
The first and second lines' shift are operated 
at the same time. 



14 



15 



Return Home 




HITACHI 



MI C R O C O M 



Returns both display and cursor to the original 
position (Address 0). 
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6. Precaution on programming 

(1) Instruction of function set 

Perform the function at the head of program that accesses 
HD44780 before executing all instructions, and not 
change the data of the Instruction Register in the pro- 
gram. The data of function register can be changed by 
the program as follows; 

a. "Changing of DL (Data Length) 

• Perform the instruction appointed in 4.2 (2), when 
DL is changed from 8-bit length to 4-bit length mode. 

• Perform the instruction appointed in 4.2 (1), when 
DL is changed from 4-bit length to 8-bit length mode. 

b. "Changing of N (Column Number) 

• Perform the instruction of function set after execut- 
ing instruction of display clear or display off. 

In this case, sequence of AC and DD RAM must be 
changed. Thus, rewrite the address set register after that. 

c. • Changing of F (Font) 

• There is no problem in this case, but for dual-line dis- 
play, the font mode of 5 x 1 1 cannot be selected (this 
mode is forbidden by hardware). 

When N or F is changed, power supply voltage for LCD 
must be changed. If not changed, crosstalk will appear, or 
contrast will be poor. 



(2) Busy flag check 

HD44780 is produced in the CMOS process, therefore 
internal executing time is long. Standard time is 40 /us ~ 
1 .6 ms. (This varies by instruction) 

When the high speed MPU controls it, check the busy flag 
before performing instruction or reading data. 
While internal operation is active. Enable signal is not ac- 
cepted. (Enable signal at reading status register for check- 
ing busy flag is accepted) Busy flag signal is output 
through DB 7 , as shown in Table 3, when RS = "0", 
R/W = "1",and Enable = "1". 

(3) Input of unidentified instruction code 

Undefined instruction code of HD44780 is only as follows; 
RS R/W DB 7 ~DB 

~ 

(Others are included to defined instruction) 
When the undefined instruction code is loaded to 
HD44780, it accepts the code, but does not change the 
internal states (RAM and other status of Flags). Busy 
state, however continues for maximum 40 ;us by the 
acceptance of the code. 



Table 3 The relation between the operation and the combination of RS, R/W 



RS 


RW 


E 


OPERATION 








"\ 


Write instruction code 





1 




Read busy flag and address counter 


1 







Write data 


1 


1 




Read data 



When performing data and instruction code by 4 bit, transfer RS, R/W every time. 
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7. How to check trouble 

Follow the flowchart below to check errors. 



Error analysis flowchart 




(Immediately after 

POWER ON) 



5» Proceed to 



Is the system initialized or 
stabilized? 




Crosstalk is output only in 
one line in display of 2 or 
4 lines for example. 



Proceed to 



Is character display erroneous 
(in sequerce for instance)? 




Yes 



-=» Proceed to 



No 



Data can be read? 




No 

Yes 



Proceed to (^4^) 



Are there any other erroneous 
operation? 





"No 

I 


Normal 



Proceed to 
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7.1 No data is displayed (Crosstalk too) 



No data is displayed. 



(Crosstalk, too) 



Is the power supplied 
(V DD , V ,andV ss )? 




Yes 



Are interface pins set 
correctly in order? 



Yes 



Is the supply current flown 
several times of its specified 
value? 




Supply the power. 



Is display (crosstalk) mode? 




Correct it. 



Is display (crosstalk) mode? 



Yes 




No 



If so, ICs and resistor are heated. 



Connect Vo to Vss, then the 
power is supplied. 



OK 



Since IC is possible to be 
destroyed, correct it 
immediately. 



OK 



Reas- 
sembly 




Yes 



Within the 
specified value 



Does a fall or deviation 
exist in zebra? 



Yes 




Unknown cause 



After replacing LCM, check if 
the actual part is faulty. 



Is the power ON sequence OK? 
(Turn on the (+) first side and 
then the (-) side.) 



OK 




This does not apply to the 
case of a single power supply. 



Inverse 



Turn on the power first from 
the (+) and then the (-) side. 



Is display (crosstalk) made? 




Yes 



No 



Is the current restored to normal 
conditions? 



Still abnormal 




ICs and others are possible to 
be destroyed. 



Yes 



OK 
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7.2 The system cannot be initialized or it is unstable. 





The system cannot be 
initialized or it is 
unstable. 












Is the system initialized as described 
in the LCD-II manual (of IC)? 



Yes 



Try to set it as des- 
cribed in the manual. 



Still no good 




Good 



Is the system operated while making 
a BUSY check? 



OK 



\ 


Yes 


Make a BUSY check or 
make it operate after 
waiting for 5 times of 
the BUSY time. 


Still no good X 




Is the order of interface pins correct? 
(Signal system pins RS, R/W, E, and 

DB ~ 7 ) 


OK 



1 


Yes 


Correct it. 


Still no good J[ 


1 ^^<3ood 


Is the assignment of RS and E or the 
setting of data correct? 


OK 







Yes 


Correct it. 




Still no good 




Operation OK 






\ 


1 




OK 




Try to replace it with another LCM. 










Normal 



Still no good 



There is a possibility of 
malfunction in 
the LCM. 



Not caused by LCM 



Recheck the circuit and software. 
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7.3 The character display is erroneous. 



The character display is erroneous. 



Characters are displayed 
but missing in some 
places. 



Example: 

(Input) (Display) 

HITACHI. HIAHI 



When missed according to a 
certain rule (The character 
missing occurs every 4 
characters for instance.) 



When missed without any 
rule (A character is missed 
at random some where 
different each time.) 



When no error exists in the software, the function of LCD-II 
is no good. 

(3-5) 

The 2-line display LCM is electrically composed of 40 charac- 
ters x 2 lines, but it displays 16 characters or 20 characters 
partly. When 16 characters are written (in the 1st line) and 
the data at the 17th character is input as it is, it is entered 
in the 17th character in the 1st line and its is neither dis- 
played on the screen. It is therefore necessary to set the 
address [ L F | between the 16th caracter and 17th character. 



—40- 



It is uncertain that from where the 
1 st character starts. 



Address character other than specified 
are rewritten. 



Even when the 1 st line becomes full 
in a 2-line display LCM, 
the line is not fed to the 2nd line. 
(Same in a 4-line display LCM) 



. Proceed to 
— =»■ Proceed to 

CH) 

— 5»- Proceed to 

® 

Proceed to 



HE 



line feed 



The 4-line display LCM is composed as shown in the right 
figure. Consequently, when written continuously from the 
1st line, the data is written as A -> B. When displayed in 4 
lines, the data is moved from the 1st line to the 3rd line. It 
is therefore necessary to set the address of I LF| in this case. 



-40- 



When the 1st line becomes full in 
a 4-line display LCM. the character 
writing starts from 
the 3rd line. 



Proceed to 


/ 


A ! 


B 




\ 


c 

L 


D 



20 



Although data is not displayed even 
if input, it is found to be stored in 
DDRAM when 
read from DDRAM. 



A front different from the listed 
in the character font table 
is displayed. 



There is an address in which no 
character is displayed. 



Proceed to 



Proceed to 
Proceed to 



3-7 



— >. Procee- 



Other errors. 



Proceed to 
(3-10) 



The display ON/OFF flag is turned to the OFF side. (This 
flag is by no means set unless turned to the ON side.) 
When employing the shift function together, the screen is 
shifted each time a data is written and the data can not be 
seen on the screen in some cases. It is therefore necessary 
to correct the application of the shift function. 

1 6 characters 



Left shift specified 



'A' is input. 



Data is fed too fast. -> Retry it while making a BUSY check. 
It is still too fast even when the BUSY check is made. -> The 
function of LCD-II is no good. 

© 

Data is fed too fast. -»■ Retry it while making a BUSY check. 

© 

The address Set command is not included in the initializa- 
tion. 

'Although the address is so designed to be set to "00" 
at the power ON according to the Power ON Reset 
function of the LCD-II itself, this Power ON Reset 
function does not work in some cases according to the 
^ power ON conditions. 



© 



C>! A 
i 



Stored in DDRAM. Cursor is moved. 



Screen 



to left. 



* Since this operation is carried out in a moment, what can be seen 
is the status of 1 and 4 only. Although not displayed in appear- 
ance, the data is stored in the DDRAM. 



3-8 

Defective CGROM font -» IC is faulty. 
3-9 

If no error exists in the software, the IC is faulty. 
Contact our agent for any other erroneous event. 
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7.4 Data cannot be read 



Data cannot be read. 



Are the connection and polarity of RS and R/W are 
made as specified in the manual? 




Is the timing deviated between the data display and 
MPU read? 




Is the other peripheral equipment is in contention 
with the data bus (for a chip select problem)? 




Is the system operated while making a BUSY check? 






Yes 

•e 




Any other error exists in the software? 



Yes 




LCD-II is faulty. 



Still no good 




The data can now 
be read. 



Still no good 




The data can now 
be read. 



Correct the chip select conditions. 



Still no good 




The data can now 
be read. 



Make the BUSY check, or operate the system after 
waiting for 5 times of the BUSY time. 



Still not good 




The data can now 
be read. 



Correct it. 




The data can now 
be read. 



OK 



7.5 Others 



| Others 

t 

Check the following: 

• Use conditions 

■ Erroneous events 

■ Contents of operation before and after the error event 
occurrence 

• Flowchart, if possible. (The program, if given, can not be decoded.) 
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8. Block diagram and function of each block 
8.1 Block diagram of HD44780 interior 



V cc - 
GND - 

osc,- 

OSC,- 



RS - 
R/W- 
E - 

~ DB,- 



DB 4 

DB ~DB 



Power supply 
for liquid 
crystal 
display drive 



4 



4 

-f- 



<= rr 
o — 



8 

-A 









cr 




□ 








QJ 


2 


E) 


crj 


CD 


Q 





Busy 
flag 



3 T3 



Address 
counter (AC) 



Character 
generator 

ROM 
(CG RAM) 
512 bits 



Timing generation 
circuit 



Display data 

RAM 
(DD RAM) 
80x8 bits 



Character 
generator 

ROM 
(CG RAM) 
7200 bits 



11 



40 



Parallel/serial data conversion 
circuit 

(Parallel data ^-serial data) 



16 



40 

-/- 







ru 




c 




OJ 




"3! 








C 












cn 


> 






C/D 


"5 



40-bit shift register 



16 



40 



CL, 
CL 2 
M 



• COM, -COM, 



^- SEG, ~SEG 4 



8.2 Function of each block 

(1) Register 

The HD44780 has two 8-bit registers, an instruction re- 
gister (IR) and a data register (DR). 

The IR stores instruction codes such as display clear and 
cursor shift, and address information for display data 
RAM (DD RAM) and character generator RAM (CG 
RAM). The IR can be written from the MPU but not read 
by the MPU. 

The DR temporarily stores data to be written into the DD 
RAM or the CG RAM and data to be read out from DD 
RAM or CG RAM. Data written into the DR from the 



MPU is automatically written into the DD RAM or the 
CG RAM by internal operation. The DR is also used for 
data storage when reading data from the DD RAM or the 
CG RAM. When address information is written into the 
IR, data is read into the DR from the DD RAM or the CG 
RAM by internal operation. Data transfer to the MPU is 
then completed by the MPU reading DR. After the MPU 
reads the DR, data in the DD RAM or CG RAM at the 
next address is sent to the DR for the next read from the 
MPU. Register selector (RS) signals make their selection 
from these two registers. 
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Table 4 Register selection 



RS 


R W 


E 


Operation 










IR write as internal operation 
(Display clear, etc.) 





1 




Read busy flag (DB7I and 
address counter (DB ~ DBs ) 


1 







DR write as internal operation 
(DRtoDDorCG RAM) 


1 


1 




DR read as internal operation 
(DD or CG RAM to DR) 



(2) Busy flag (BF) 

When the busy flag is "1", the HD44780 is in the internal 
operation mode, and the next instruction will not be ac- 
cepted. As Table 4 shows, the busy flag is output to DB 7 
when RS = and R/W = 1. The next instruction must be 
written after ensuring that the busy flag is "0". 



(3) Address counter (AC) 

The address counter (AC) assigns addresses to DD and CG 
RAMs. When an instruction for address is written in IR, 
the address information is sent from IR to AC. Selection 
of either DD or CG RAM is also determined concurrently 
by the instruction. 

After writing into (or reading from) DD or CG RAM dis- 
play data, AC is automatically incremented by +1 (or 
decremented by -1). AC contents are output DB ~ 
DB 6 when RS = and R/W = 1 , as shown in Table 4. 

(4) Display data RAM (DD RAM) 

The display data RAM (DD RAM) stores display data re- 
presented in 8-bit character codes. Its capacity is 80 x 8 
bits, or 80 characters. The display data RAM (DD RAM) 
that is not used for display can be used as a general data 
RAM. Relations between DD RAM addresses and posi- 
tions on the liquid crystal display are shown below. 
The DD RAM address (Add) ' s set ' n tne Address Counter 
(AC) and is represented in hexadecimal. 



Higher order bits 



Lower order bits 



(Ex.) DD RAM address "4E" 



AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


ACO 



1 








1 


1 


1 






Hexadecimal- 



Hexadecimal- 



1 -line display (N = ( 



1 


2 


3 


4 


5 


79 


80 


00 


01 


02 


03 


04 










4E 


4F 



display position 
DD RAM address 



(a) When the display characters are less than 80, the display 
begins at the head position. For example, 8 characters 
using one HD44780 are displayed as: 





1 


2 


3 


4 


5 


6 


7 


8 


1-line 


00 


01 


02 


03 


04 


05 


06 


07 



«- DD RAM address 



When the display shift operation is performed, the DD RAM 
address moves as: 



01 


02 


03 


04 


05 


06 


07 


08 




4F 


00 


01 


02 


03 


04 


05 


06 



(Left shift display) 
(Right shift display) 
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(b) 16-character display using an HD44780and an HD44100H 
is as shown below: 



l-Iine 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


0D 


OE 


OF 



-HD44780 display- 



-HD44100H display- 



DD RAM address 



When the display shift operation is performed, the DD RAM 
address moves as: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


OE 


OF 


10 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 



(Left shift display) 



(Right shift display) 



(c) The relation between display position and DD RAM 
address when the number of display digits is increased 
through the use of one HD44780 and two or more 
HD44100H's can be considered an extension of (b). 



I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 



1 -line 



00 



01 



02 



1)3 



04 



05 



06 



07 



09 



OA 



015 0C 



0D OE 



OF 



10 11 



12 



13 



Since the increase can be 8 digits for each additional 
HD44100H, up to 80 digits can be displayed by externally 
connecting 9 HD44100H's. 

73 74 75 76 77 78 79 80 ^display position 
«- DD RAM address 



48 



49 4A 



IB 



4C 



4D 



4E 4F 



1 — HD44780 display- 

2-line display (N = 1) 



_HD44100H (1)_ 
display 



.HD44100H (2) . 
~ (8) display 



_HD44100H (9)_ 
display 





1 


2 


3 


4 


5 


39 


40 


1-line 


00 


01 


02 


03 


04 




26 


27 


2-line 


40 


41 


42 


43 


44 




66 


67 



display position 
DD RAM address 



(a) When the number of display characters is less than 40 x 2 
lines, the 2 lines from the head are displayed. Note that 
the first line end address and the second line start address 



are not consecutive. For example, when an HD44780 is 
used, 8 characters x 2 lines are displayed as: 





1 


2 


3 


4 


5 


6 


7 


8 


1-line 


00 


01 


02 


03 


04 


05 


06 


07 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 



display position 
<— DD RAM address 



When display shift is performed, the DD RAM address move as: 



01 






04 


05 


06 


07 


08 


41 


42 


43 


44 


45 


46 


47 


48 



(Left shift display) 



27 


00 


01 


02 


03 


04 


05 


06 


67 


40 


41 


42 


43 


44 


45 


46 



(b) 16 character x 2 line are displayed when an HD44780 and 
an HD44100H are used. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1 -line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 



display position 
DD RAM address 



-HD44780 display- 
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HD44100H display- 
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(Right shift display) 



When display shift is performed, the DD RAM address moves 
as follows: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


OE 


OF 


10 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 




27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 



(Left shift display) 



(Right shift display) 



(c) The relation between display position and DD RAM 
address when the number of display digits is increased 
by using one HD44780 and two or more HD44100H's, 
can be considered an extension of (b). 



Since the increase can be 8 digits x 2 lines for each ad- 
ditional HD44100H, up to 40 digits x 2 lines can be dis- 
played by connecting 4 HD44780's externally. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


](i 


11 


12 


13 


14 


15 


16 


17 


IS 


19 


20 


33 


34 


35 


36 


37 


38 


39 


40 


1 -line 


00 


01 


02 


03 


0-1 


05 


06 


07 


OS 


09 


OA 


0E. 


OC 


OD 


OE 


OF 


10 


11 


12 


13 




20 


21 


22 


23 


24 


25 


26 


27 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 




60 


61 


62 


63 


64 


65 


66 


67 



~- DD RAM address 



-HD44780 display- 



HD44100 (1)- 
display 



HD44100H (2)- 
(3) display 



-HD44100H (4)- 



(d) Display position and DD RAM address for LM020L. 



Character NO. 


1 


2 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


DD RAM address 


00 


01 


02 


03 


04 


05 


06 


07 


40 


41 


42 


43 


44 


45 


46 


47 



(Note)Shift display is as same as that of 8 char, x 2 line type. 



(e) Display position and DD RAM address for LM041 L. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1-line 


00 


01 


02 


03 


04 


05 


06 


D7 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


3-line 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


IB 


1C 


ID 


IE 


IF 


4-line 


50 


51 




52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


5C 


5D 


5E 


5F 



display position 
DD RAM address 



(f) Display position and DD RAM address for LM044L. 





lfif 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1 -line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


0C 


0D 


0E 


OF 


10 


11 


12 


13 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


3-line 


14 


15 


16 


17 


18 


19 


1A 


IB 


1C 


ID 


IE 


IF 


20 


21 


22 


23 


24 


25 


26 


27 


4-line 


54 


55 


56 


57 


58 


59 


5A 


5B 


5C 


5D 


5E 


5F 


60 


61 


62 


63 


64 


65 


66 


67 



^- display position 
^ DD RAM address 



(Note)Shift display is as same as 2-line type. 
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(5) Character generator ROM (CG ROM) 

The character generator ROM generates 5x7 dot or 5 x 
10 dot character patterns from 8-bit character codes. 
It can generate 160 types of 5 x 7 dot character patterns 
and 32 types of 5 x 10 dot character patterns. Tables 5 (1 ) 
and 5(2) show the relation between character codes and 
character patterns in the Hitachi standard HD44780AO0. 
User defined character patterns are also available by 
mask-programming ROM. For details, see "The LCD-U 
(HD44780) Breadboard User's Manual". 

(6) Character generator RAM (CG RAM) 

The character generator RAM is the RAM with which the 
user can rewrite character patterns by program. With 
5x7 dots, 8 types of character patterns can be written 
and with 5x10 dots 4 types can be written. Write the 
character codes in the left columns of Tables 6(1) and 
6(2) to display character patterns stored in CG RAM. 
Table 5 shows the relation between CG RAM addresses 
and data and display patterns. 

As Table 5 shows, an area that is not used for display can 
be used as a general data RAM. 

(7) Timing generation circuit 

The timing generation circuit generates timing signals to 
operate internal circuits such as DD RAM, CG ROM and 
CG RAM. RAM read timing needed for display and in- 
ternal operation timing by MPU access are separately gen- 
erated so they do not interfere with each other. There- 
fore, when writing data to the DD RAM, for example, 
there will be no undesirable influence, such as flickering, 
in areas other than the display area. This circuit also 
generates timing signals to operate the externally con- 
nected driver LSI HD44100H. 



(8) Liquid crystal display driver circuit 

The liquid crystal display driver circuit consists of 16 
common signal drivers and 40 segment signal drivers. 
When character font and number of lines are selected by 
a program, the required common signal drivers auto- 
matically output drive waveforms, the other common 
signal drivers continue to output non-selection waveforms. 
The segment signal driver has essentially the same configu- 
ration as the driver LSI HD44100H. Character pattern 
data is sent serially through a 40-bit shift register and 
latched when all needed data has arrived. The latched 
data controls the driver for generating drive waveform 
outputs. 

The serial data is sent to the HD44100H, externally con- 
nected in cascade, used for display digit number extension. 
Send of serial data always starts at the display data charac- 
ter pattern corresponding to the last address of the display 
data RAM (DD RAM). Since serial data is latched when 
the display data character pattern, corresponding to the 
starting address, enters the internal shift register, the 
HD44780 drives the head display. The rest displays, 
corresponding to latter addresses, are added with each 
additional HD44100H. 



(9) 



Cursor/Blink control circuit 

This is the circuit that generates the cursor or blink. The 
cursor or the blink appear in the digit residing at the 
display data RAM (DD RAM) address set in the address 
counter (AC). 

When the address counter is (08)i 6 , a cursor position is: 





AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


AC0 












AC 











1 























Iff? 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 




In a 1-line display j 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA | 





In a 2-line display 



the cursor position/ 

ltfi 23456789 



10 11 



1-line 



2-line 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 




40 


41 


42 


43 


44 


45 


46 


47 




49 


4A 


H 



display position 
«- DD RAM address 



display position 
«— DD RAM address 



the cursor position' 

(Note) The cursor or blink appears when the address counter (AC) 
selects the character generator RAM (CG RAM). But the cursor 
and blink are meaningless. 

The cursor or blink is displayed in the meaningless position when 
AC is the CG RAM address. 
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Table 5 

CORRESPONDENCE BETWEEN CHARACTER CODES AND CHARACTER PATTERN 

(1) 5x10 dot, applied type: H2570, H2571, H2572, LM027 



Higher 
LowerNib i t 
4-hi r\ 


(1 (1 


0U 1 


00 11 


10 


10 1 


110 


111 


10 1 u 


10 11 


1 1 uo 


110 1 


mo 


1111 


xxxxUOOU 


c<; 

HAM 

(1) 




■ ■■ 

a aa 
aaa 
aa a 
a a 

■ •■ 


■■■ 

■ 

■a a 
aaa 
aaa 

aaa 


aaaa 

a a 

aaaa 

a 

a 

a 


■ 

a 


aaaa 
a a 
• ■■■ 
■ 
a 




aaaaa 


aaaa 
a a 
a a b 

aa 
a 


aaa 
aaa 

■ BB 

a ' 


a • 
a a a 
a a 
a a 


a bb 
aa a 
a a 
a a 
aaaa 




xxxxOOO 1 


(2) 


■ 
■ 
■ 
■ 

■ 


a 

a 
a 
a 
a 

■in 


aaa 

a a 
a a 
aaaaa 
■ ■ 
a a 


aaa 

a a 
a a 
aaa 
a a 
aa a 


aaa 

a 

■ ■ ■ a 

a a 
aaaa 


aa a 
b aa 

BBBB 

a 

■ 


aaa 
a a 
aaa 


a a 
aa 
a 
a 

■ 


a 

aaa 
a 

aaaaa 
a 

B 

a 


a 

a 

■ 

a a 
aaaaa 
a 


a a 
aaa 

a 

aaaa 
a a 


a 
a 
• 


aa a 

aa 
a 
a 

aaaa 
a 
a 
a 




XXXXdll 1 u 


(3) 


■ ■ 

■ ■ 

■ ■ 


a a ii 
a a 
■ 

ii 

a 

aaaiia 


■ aaa 
a a 
a a 
aaaa 

a a 
aaaa 


■ ■■■ 
a a 
a a 

■ ■BB 

a a 
a a 


a 
a 

b b a 

BB B 

a B 

■ BBS 


a bb 
aa a 

a 
a 


aaa 

a 
a 
a 


a 

a 

a 
aa 

B B 

a 
a 


aaa 
a a b 
a a b 
a 

a 

a 


a 

a 

a a 
a 

fl B 

a 


aaa 

B B 

aaaa 

a a 

■■■■ 

a 

a 

a 


■ ■■ 
a a 

aaaaa 
a a 
a a 
aaa 




xxxxUd 1 ] 


(4) 


■ ■ 

■ ■ 
■ ■■■■ 

■ ■ 

■ ■ 

■ a 


■ ■ana 



a 

a 

a 

a a 

■an 


aaa 
a a 

a 
a 
a 

a a 
aaa 


■ ■■■ 

a 
a 

■ ■■ 

a 
a 

■ ■■a 


aaa 

■ 
■ 

a a 
aaa 


an 

a 

an 

a 

BBBB 


a 
a 
a 

aaa 


B ■ 
■ ■ 
a 

B 

a 


■ •• 

BBBBB 

a 
a 
a 

a 


a 

■ ■■■■ 
■ 
a 

aaa 


aaa 

a 

BB 

a a 
■aa 


B 

■ 


■ aa 
a a 

■ a 




XXX Ml | IHI 


(5) 


a 

■ ■■■ 
a a 
■■■ 
a a 
aaaa 
a 


ii 
an 
a a 
a ii 
aaana 
a 
■ 


■ ■■ 
a a 
a a 
a a 
a a 
a a 
aaa 


aaaaa 
a 
a 
a 
a 
a 
a 


aa a 
a aa 
a a 
a a 

■ ■ ■ ■ 


1 

a 
aaa 
a 
a 

B B 

aa 


a 

■ 

a 


aaaaa 
a 
■ 
a 

B 

aaaaa 


a 
a 
a 

aa 

a a 

a 

a 


a 
a 

aaaaa 
a a 
a a 
a 
a 


a a 
a b 
b a 
a bb 
aaa a 
■ 
a 

B 


■ 
■ 

■ 


BBB 

a 
a 

a a 

B BB 




tfxxxtH (t 1 


(6) 


aa 

aa a 
a 

a 

■ 

■ aa 
aa 


aaaua 
a 

aaaii 

a 
a 

a a 

aaa 


■ ■■■■ 
a 

a 

■ ■■■ 
a 

a 

aaiaa 


* ■ 
a a 
a a 
a a 
a a 
a a 
aaa 


■ aa 

■ a 

■ ■■■■ 
■ 

■ ■■ 


a a 
a a 
a a 
• ■■ 
■ a a 


aa 
aa 


■ 

aaaaa 
a 

BB 

a a 
a a 
a 


a 

a 

aaaaa 
a 

B 

a 

a 


aaa 
a 
a 

B 
B 

BBBBB 


aaaa 

B B 

a a 
a a 

■ BB 


■ 
■ 
■ 
■ 


a a 

a 
a 
a 
aa 
■ a a 




XX X X(l 1 1 U 


(7) 


aa 
a a 
a a 

a 

a a a 
aa ■ 


an 

a 

a 

aaaa 
a a 

aaa 


■ ■•■a 

a 

a 

aaaa 
a 


a ■ 
■ a 
a a 
a a 
a a 

■ 


■■ 
a ■ 
a 
aaa 
a 

a 


: : 

a a 

a 


aaaaa 
a 

aaaaa 
a 

a 


a 

aaaia 
a a 
a a 
a a 

a a 


B BB 
BBBBB 


■ ■■■■ 
■ 

BBBBB 
■ 

a 

BBBBB 


BB 

■ a 
a a 
a a 
■ ■■■ 
a 
a 
a 


■ 

■ 

■ 


B 

B 

a 

BBBB 






(8) 


aa 
a 

■ 


• ■•aa 
a 

■ 

a 

a 
a 
■ 


• ■■ 
a a 
a 

a ■■■ 
a a 
a a 
«■■• 


• ■ 
a a 
a a 
aaa 
aaa 
aaa 
a a 


BBBB 

B ■ 
■ ■ 
■ ■■■ 

■■■ 


a a 
a a 
a b a 
aaa 

B B 


• BBBB 
B 

BB 

a 

a 


i 

aaaaa 
a 

BBBBB 

a 
a 
a 


aaaaa 

B 

B ■ 

■ 
■ ■ 

■ 


aaa 

■ ■•■a 
a 
a 

a 

a 


BBBB 

a a 
a a 
a a 

■ ■■■ 

a 
■ 

■ ■■ 


■ 
a 


■ ■■■ 

■ a 
a a 

B B 

BB 




■ I iiiiii 


(1) 


a 

a 
a 

a 

a 


aa ■ 

a a 

aaa 
a a 

aa ■ 


a a 

a a 
aaaaa 
a ■ 

a a 


• B 

a a 

a 
a a 

a a 


a 

a aa 
aa a 
a a 

a a 


a a 
a a 
a 

a a 


a 

a 
aa 

a 


BBBB 

a a 
a a 
a 

BB 


■ 

aaaaa 
a 

a 
Baa 

a 


a a 
a a 
a a 

B B 
B 

a 


■aa 

a 

a 

a 


■ 
■ 


a 

a a 
a 

a 




XXXX | llll 1 


(2) 


■ 

a 

a 

a 

a 


■an 

aaaa 
a 

m 

mm 


aaa 

a 
■ 
a 
■aa 


a a 

a a 
a 
a 
a 


a 
a 
a 
aaa 


a a 
aaaa 
a 

aaa 


■ ■■BB 

a a 
a 

aa 


B 

■ aaa 
a 

B 

a 


a 
a 

a 
a 

a 

a 


a 

a a 
a a a 
aaa 
a aa 


B 


■ 
■ 
■ 


a 
a 
a 

aaaa 
a 

B 

aaa 




X « xx 1 1) 1 (1 


(3) 


a 

a a a 

aaa 
a a a 
a 


aa 
aa 

aa 
aa 


■ II 
a 

a 
a 
a 

a a 
aa 


aaaaa 
a 

a 

a 

a 

a 

aaaaa 


a 

aa 
■ 
a 

a a 
aa 


aa aa a 
a 

a 

a 

aaaaa 


•■■■■ 
a 
a 

aaaaa 


BBBBB 

a 
a 
a 

B 

■ mi 


a 

a 

a a 
a a 
a a 
a a 


a 
a 

a a 
a a 
a a 
aa 


B 

■■ 
a 

B 

B 

a 
a 

■ a 
aa 


a 

aaaa 
a 

aaaaa 
a 
a 




xxxx IU11 


(4) 


a 
a 

a 
a 


aa 
aa 

aa 
a 

■ 


■ a 
a a 
a a 

BB 

a a 
a a 
a ■ 


■ ■■ 
a 

L 


a 
a 

a a 
a a 
aa 
a a 
a a 


■ 

a 
a 

a 

a 
a 

a 


a 

aaaaa 
aa 
a a 
a a 


■ ■ 
■aaaa 
a a 
a a 
a 

a 

a 


a> 
a 

aaaaa 
a 
■ 
a 

aaaa 


aaaaa 
a a 
b a 
a a 
a a 
aaaaa 


"a* 
a a 


aaaaa 
a 

aaaa 
a a 
a a 




xxxx 1 1 


(5) 


■■ 
a 

a 


a 

a 

■ 

a 

a 

a 

m 


■ 
a 
a 
a 
a 
a 

aaaaa 


a a 
a a 

■ ■■■■ 

a 

■ aaaa 

a 
a 


BB 

a 

a 

B 

a 
a 
aaa 


: 

a 
a 
a 

B 
B 


a 

aaaaa 
a a 
a a 
a 


aa 

a 

aa a 

a 

a 

aaa 


aaaaa 

a 

a 
a 

a 

BB 


■ ■■■■ 
a a 
a a 
a 

a 

a 


ill 
a a 
aaa 

aaa 
a 


B 
B 
B 
B 

• 


aaaa 
a a 

BBBB 

a 
a 




xxxx 1101 


(6) 


aaaaa 


■ aaaa 
aaaaa 


a a 
aa aa 
aaa 
aaa 
a a 
a a 
a a 


aaa 
a 
a 
a 
a 
a 

■•■ 


aa a 
a a a 
aaa 
a a 
■ a 


\ 

a 

a 

a 

a 

■ 


aaa 
a 
a 

aaaaa 


aaaaa 
a 

a 

a 

a a , 


a 
a a 

a 

a 
a 


■■ 

a 
a 

■ 

aaa 


a 

B 

aaa 

a 
aaa 

«... 


■ 


a 

aaaa 
a 








xxxx 1 1 1 




aa 


a 

a 

a 

a 

a 

a 

■ 


a a 
a a 
aa a 
aaa 
a aa 
a a 
a ■ 


■■■■ 


... 

aa a 
a a 
a a 
■ ■ 


■ ■aaa 
a 

a 


aaaa 
a 

aaaa 
a 

aaaa 


a 

aaaaa 
a a 
a a 
■ 
■ 

aaa 


a 

aaaaa 
a 
a 

aaa 
aaa 
a 


a 

a ■ 
a 


aaa 

a aa 
aa a 
a a 
a a 
a a 






xxxxl 1 1 1 


(8) 


a 

a 

.■■ 


aaa 

■ a 

a 

■ 

a 
a 


a a 

: : 

aaa 


aaaaa 


aaa 
a a 
a a 
a a 

aaa 


a 

a 

aaaaa 

a 

a 


aaa 
aaa 
a 

aa 


a a 
a a 
a a 
a 

a 

BB 


aaaaa 
a 
a 

V 

a 


■ ■a 

a a 
aaa 


a a 

aaa 
a a 
a a 
a a 

aaa 











Note 1. CG RAM is a character generator RAM having a storage function of character pattern which enable to change freely by users program. 
Note 2. When line setting at initialization is 2 lines (N = 1), pattern becomes 5x7 dot. 
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(2) 5x7 dot, applied type: LM054, H2570, LM015, LM568AF, LM020L, LM070L, LM038, LM027, H2571, 

LM052L, LM016L, LM032L, LM060L, LM017L, LM018L, LM041L, LM044L 



H2572, LM058, 



^\ Higher 
Lower\4 b i t 


0000 


001 


00 1 1 


100 


101 


0110 


0111 


10 10 


10 11 


1 1 00 


110 1 


1110 


1111 


xxxxOOOO 
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(1) 
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BIB 
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aaa 
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a a 

a a 
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a 

a 

a 
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a b 
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a 
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aaaaa 


aaaa 
a a 

BBB 

aa 
a 
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aaa 

aaa 
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a a 
a a 
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a a 
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aaaa 






a 


xxxxUOO 1 
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a 
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a 
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aaa 

■ 
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a 

■m 
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aaa 
a a 
■■■■ 
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■ 

MB 

a a 
a a 
BBiiaa 

B 

a 


saa 
a a 
a a 
a a 
a a 
a a 
■■■ 


■■■a* 
a 

B 

a 
a 


: 

a a 
a a 
aaaa 


I 
a 
aaa 
a 
a 

a a 
aa 


a 

a 

a 
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a 
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■ 
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B 
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Note: CG ROM is a character generator RAM having a storage function of character pattern which 
enable to change freely by users program. 
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Table 6 Relation between CG RAM addresses and character code (DD RAM) and character pattern (CG RAM data). 

(1) For 5 x 7 dot character pattern 



Character Codes 
(DD RAM Data) 



7 6 5 4 3 2 1 
*- Higher Lower -> 



0000*000 



* 



'0 1 



CG RAM 
Address 



5 4 3 
<- Higher 



2 1 
Lower- 1 







1 



1 



1 1 1 





1 

1 

1 1 

1 



1 1 




Character Patterns 
(CG RAM Data) 



7 6 5 
<- Higher 



4 3 2 1 
Lower -» 



XXX 



X X 



XXX 



XXX 



XXX 




1 1 



1 

ML 

1 

IT 







1 

1 1 



1 1 
1 
1 





1 









Character 
Pattern 
Example (1) 



Cursor 
Position 



Character 
Pattern 
Example (2) 



% No effect 



(Note) 1 : Character code bits ~ 2 correspond to CG RAM address bits 3 ~ 5 (3 bits: 8 types). 

2: CG RAM address bits - 2 designate character pattern line position. The 8th line is the cursor position and display is performed in 
logical OR by the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the "0" state for cursor display. When the 8th line data is 
"1", bit 1 lights up regardless of cursor existence. 

3: Character pattern row positions correspond to CG RAM data bits ~ 4, as shown in the figure (bit 4 being at the left end). Since CG 
RAM data bits 5 - 7 are not used for display, they can be used for the general data RAM. 

4: As shown in Tables 3 and 4, CG RAM character patterns are selected when character code bits 4 ~ 7 are all "0". However, since charac- 
ter code bit 3 is a ineffective bit, the "R" display in the character pattern example, is selected by character code "00" (hexadecimal) or 
"08" (hexadecimal). 

5: "1 " for CG RAM data corresponds to selection for display and "0" for non-selection. 
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(2) For 5x10 dot character pattern 




Character 

Pattern 

Example 



Cursor 
Position 



# No effect 



(Note) 1 : Character code bits 1, 2 correspond to CG RAM address bits 4, S (2 bits: 4 types). 

2: CG RAM address bits ~ 3 designate character pattern line position. The 11th line is the cursor position and display is performed 
in logical OR with cursor. 

Maintain the 1 1th line data corresponding to the cursor display position in the "0" state for cursor display. When the 1 1th line data is 
"1", bit 1 lights up regardless of cursor existence. Since the 12th ~ 16th lines are not used for display, they can be used for the general 
data RAM. 

3: Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4: CG RAM character patterns are selected when character code bits 4 ~ 7 are all "0". However, since character code bit and 3 are 
ineffective bits, "P" display in the character pattern example is selected by character code "00", "01", "08" and "09" (hexadecimal). 
S: "1 " for CG RAM data corresponds to selection for display and "0" for non-selection. 
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